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REPORT OF THE INTERNATIONAL COMMITTEE ON 
ATOMIC WEIGHTS. 
Received November 2, 1903. 

Tue International Committee on Atomic Weights’ has the honor 
to offer the following report: 

In the table of atomic weights for 1904 only two changes from 
1903 are recommended. The atomic weight of caesium has been 
slightly modified to accord with the recent determinations by Rich- 
ards and Archibald, and that of cerium in conformity with the 
measurements by Brauner. The value for lanthanum is still in 
controversy, and any change here would therefore be premature. 
The same consideration may also be urged with regard to iodine. 
Ladenburg has shown that the accepted number for iodine is 
probably too low, but other investigations upon the subject are 
known to be in progress, and until they have been completed it 
would be unwise to propose any alteration. 

Many of the atomic weights given in the table are well known 
to be more or less uncertain. This is especially true with respect 
to the rarer elements, such as gallium, indium, columbium, tan- 
talum, etc. But some of the commoner elements also stand in 


1 The original members of the committee take great pleasure in announcing the ad- 
dition to their number of Professor Henri Moissan. Theyare confident that this increase 
will meet with universal approval. 
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need of revision, and we venture to call attention to a few of these. 
Among the metals, the atomic weights of mercury, tin, bismuth 
and antimony should be redetermined, for the reason that the ex- 
isting data are not sufficiently concordant. Palladium also, on 
account of discrepancies between different observers, and possibly 
vanadium, for which the data are too few, deserve attention. 
Among the non-metals, phosphorus has been peculiarly neglected ; 
and our knowledge of the atomic weight of silicon rests upon a 
single ratio. In the latter case, confirmatory data are much to be 
desired. Upon any of these elements new investigations would be 
most serviceable. 

There is one other point to which we may properly call atten- 
tion. Many of the ratios from which atomic weights have been cal- 
culated, were measured in vessels of glass, by processes involving 
the use of strong acids. In such cases the solubility of the glass 
becomes an important consideration, even when no transfer of 
material from one vessel to another has occurred. A slight con- 
version of silicate into chloride would cause an increase of weight 
during the operation, and so introduce an error into the determina- 
tion. Such errors are doubtless very small, and still they ought 
not to be neglected. Now that vessels of pure silica, the so-called 
quartz-glass, are available for use, they might well replace ordinary 
glass in all processes for the determination of atomic weights. 
An investigation into the relative availability of the two kinds of 
glass is most desirable. 

F. W. CLARKE, 
(Signed) T. E. THorpe, 

Kart SEUBERT, 

Henri Molssan, 
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Iridium .......... Ir 193.0 
NURiic ewe dswrcwcwaels Fe 55-9 
Krypton.......... Kr 81.8 
Lanthanum....... La 138.9 
GAihiccscewceccens Pb 206.9 
Wet 6d 5 5 :0.6 55's Li 7.03 
Magnesium ...... Mg 24.36 
Manganese ....... Mn 55.0 
Mercury....+.++6- Hg 200.0 
Molybdenum ..... Mo 96.0 
Neodymium ...... Nd 143.6 
INCOM aiciccncwsiea ce Ne 20. 
NIGKE): Ss.ccisweouws Ni 58.7 
Nitrocen)<<.<060. N 14.04 
OBRITENE @ + <<-s.0 0:65 Os IgI. 
Oxygen .......... O : 16.00 
Palladinii <2<000:< Pd 106.5 
Phosphorus....... rE 31.0 
Platinum ......... Pt 194.8 
Potassinitt o<. «<6 6::< K 39.15 
Praseodymium.... Pr 140.5 
Radium ........-. Ra 225. 
Rho@itiec.626<<. Rh 103.0 
Rubidium << +s.s0:<s Rb 85.4 
Ruthenium ....... Ru 101.7 
Samarium ........ Sm 150. 
SCAHGVUEN: o::0'<:5:0:0: Sc 44.1 
Selena: <.<<.<.0000 Se 79.2 


H=1,. 
39.8 
IJ.9I 
139.2 
35.18 
51.7 
58.56 
93-3 
63.1 
164.8 
18.9 
155. 
69.5 
71.9 
9-03 
195-7 


1.000 
113.1 
125.90 
191.5 

55-5 
81.2 
137-9 
205-35 
6.98 
24.18 
54.6 
198.5 
95:3 
142.5 
19.9 
58.3 
13.93 
189.6 
15.88 
105.7 
39.77 
193.3 
38.86 
139.4 
223.3 
102.2 
84.8 
100.9 
148.9 
43.8 
78.6 
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Silicon ...........- Si 28.4 28.2 
Silver ....c.ceccee Ag 107.93 107.12 
Sodium. .......... Na 23.05 22.88 
Strontium ........ Sr 87.6 86.94 
Sulphur..-......-. § 32.06 31.83 
Tantalum......... Ta 183. 181.6 
Tellurium ........ Te 127.6 126.6 
Terbium......-..- Tb 160. 158.8 
Thallium ......... Tl 204.1 202.6 
Thorium ......... Th 232.5 230.8 
Thulium ......... Tm 171. 169.7 
RR chin eee anaic<'eei Sn 119.0 118.1 
Titatiun.....<.2- Ti 48.1 47-7 
Tungsten ......... WwW 184. 182.6 
Uranium ......... U 228.5 236.7 
Vanadium ........ Vv 51.2 50.8 
Xenon «+--+... eee Xe 128. 127. 
Ytterbium........ Yb 173.0 171.7 
Yttrium ........-- Yt 89.0 88.3 
RAE O Yah a vn0:0\'5':0) 16 16 "oninse Zu 65.4 64.9 
Zirconium........ Zr 90.6 89.9 


THE VOLUSMETRIC DETERIIUNATION OF ZINC. 


By W. GEORGE WARING. 


Received October 15, 1903. 

THE delicacy and precision of the ferrocyanide titration of zinc 
in properly conditioned solution is almost wholly negatived by in- 
exact methods used for the separation of zinc from interfering 
elements and by misleading, contradictory and useless directions 
given in text-books. 

An inquiry into the causes of extraordinary discrepancies in 
zinc determinations made by a number of public analysts, zinc 
works chemists, and college instructors upon identical samples has 
led the writer to prepare this paper, in which he endeavors first 
to discuss the sources of error peculiar to zinc determinations by 
the ferrocyanide volumetric methods, adding in the sequel, a de- 
scription of the methods followed in his laboratory at Webb City, 
Mo., for the determination of zinc in various combinations. 


SOURCES OF ERROR. 


Losses may result from: 
(1) Volatilization of zinc as chloride. 
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(2) Recombination of zinc with silica. 

(3) Imperfect decomposition by acids. 

(4) Occlusion by ferric hydroxide, etc. 

(5) The use of hydrogen sulphide for separating copper, cad- 
mium, etc. 

(6) Failure to make the final titration under the same condi- 
tions as in standardization. 

(7) Insufficient dilution of the solution. 

(8) Too great haste in titrating, especially with cold solutions. 

On the other hand, results may be too high, owing to: 

(9) The presence, in the solution, of cadmium, copper, anti- 
mony, manganese, aluminum, or some organic acid as tartaric 
acid, oxalic acid, etc. 

(10) The decomposition of the ferrocyanide solution by chlo- 
rine, bromine, nitrous oxides, hydrogen peroxide, etc. 

(11) The addition of an inordinate excess of acid to the so- 
lution. 

(12) The use of an incorrectly standardized solution of ferro- 
cyanide. 

(1) Volatilization of Zinc Chloride—Although zinc chloride 
alone is volatile only at a red heat, it volatilizes freely at 145° C. 
and over when heated with ferric chloride and ammonium chlo- 
ride, or with ammonium chloride alone, in an acid mixture 
such as often occurs in the course of the analysis of zinc 
ores. Experiments made to decide this point showed that 
when a solution of zinc and ammonium chloride in hydrochloric 
acid was evaporated to dryness, the mixture became pasty at 
119° C., solidified at 120.5°, with a sudden decrease of the tem- 
perature to 117°, from which point the temperature rose rapidly, 
with evolution of aqueous vapors, to 145°, when the chloride 
began to sublime. A neutral solution of the same chlorides 
showed no volatilization of the chlorides up to 210°. When zinc 
blende, containing a little iron, was heated with aqua regia and 
evaporated with ammonium chloride, the mixture became pasty 
at 122.5°, solidified at 135°, with momentary recession of tem- 
perature to 132°, and volatilization of the chlorides began imme- 
diately after the temperature increased again, being very copious 
at 145°. 

The evaporation of acid solutions containing zinc, iron and 
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ammonium chlorides should therefore not be finished at a tem- 
perature much exceeding 100°. 

(2) Recombination of Zinc with Silica —This invariably occurs 
when ammonia is added to a solution of zinc containing: silica. 
The importance of removing silica by filtration before adding 
ammonia to separate iron, etc., has been demonstrated by Prost 
and Hassreidter,t as well as by other chemists; but this precau- 
tion seems to be disregarded in some American schemes, e. g., the 
method of Von Schulz and Low. The following experimental 
results obtained in the analysis of ores containing silicate of zinc 
will illustrate this point: 

(a) The first filtrate, without evaporating to separate silica, 
gave zinc 45.65 per cent. After dissolving out the ferric hydrox- 
ide from the silica on the filter by hydrochloric acid, precipi- 
tating iron, etc., by ammonia, and filtering through a clean filter, 
there was found 1.75 per cent. additional zinc in the filtrate. 
A repetition of the procedure gave 2.17 per cent. more zinc in 
the third filtrate. Total, 49.57 per cent. 

(b) The same ore, decomposed as usual with hydrochloric acid, 
evaporation stopped very much short of dryness, water and am- 
monium chloride added, the gelatinous silica filtered off and 
washed, the iron precipitated by ammonia, dissolved and repre- 
cipitated and the two filtrates titrated separately, gave, in first 
filtration, 49.15; in second, 0.50; total, 49.65 per cent. 

(c) The same ore treated as in (b), except that the acid solu- 
tion was evaporated to complete dryness at 180°, then taken up 
with water, filtered, and ammonium chloride and ammonia added. 
The first filtrate gave, as before, 49.15 zinc, and second, 0.50; 
total, 49.65 per cent. 

The silica obtained in (b) amounted, after ignition, to 29.15 
per cent. That from (c) to 29.50. Both (b) and (c) gave iden- 
tical results for iron, namely, 1.43 per cent. 

In the following cases, operating upon different ores, the silica 
was not removed until after the first precipitation by ammonia. 
Three precipitations were made in each case; the first and second 
filtrates titrated together and the third separately. 

(d) Zine in first and second filtrates, 36.35; in third, 6.60; 
total 42.95. 

1 Zischr. angew. Chem. (1892), p. 168. 
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(e) Zine in first and second filtrates, 35.80; in third, 7.00; 
total, 42.80. 

(f) Zine in first and second filtrates, 48.32; in third, 5.70; 
total, 54.02. 

(3) Imperfect Decomposition by Acids.—Attention should be 
called to the insolubility of the zinc aluminates (the zinc spinels, 
Gahnite or Automolite and Dysluite found in the New Jersey 
ores, and the compounds formed in the zinc retorts). These are 
only perfectly decomposed by fusion with sodium or potassium 
bisulphate (see also page 25). Rhodonite and some garnets are 
said to contain zinc occasionally. We have never found any 
zinc in rhodonite, even in that from Broken Hill, Australia. 
Both garnet and rhodonite require fusion with alkaline carbonates. 

(4) Occlusion by Ferric Hydroxide, etc.—lIt is stated by Sut- 
ton’? that the iron precipitated by ammonia “tenaciously holds 
about one-fifth of its weight in zinc.” 

The following tables show the results of an examination as to 
the retention of zinc by ferric and aluminous hydroxides made in 
our laboratory some years ago. The method of analysis followed 
was the first one described in the sequel.? Variations are noted 
in or appended to the tables. 

Table I—Using pure materials containing known proportions 
of zinc and iron with no other substances which might affect the 
results. 
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I 60 2 2 25 5 59.10 0.94 60.04 0.47 

2 60 2 2 66 5 59.18 0.82 60.00 0.42 

3a 60 2 2 132 5 59.02 1.03 60.05 0.51 

36 60 2 2 132 5 30.30 29.35 59.65 14.67 

4 60 2 4 66 5 59.25 0.65 59.90 0.32 

5 60 2 8 66 5 59.28 0.70 59.98 0.35 

5c 60 2 8 66 8 59.48 0.42 59.90 0.21 

6 60 IO 4 66 5 58.80 1.50 60.30 0.15 

7 60 fe) 4 66 Io 58.87 5.23 60.10 0.12 

8 60 Io 6 66 Io 58.90 1.00 59.90 0.10 


! “Volumetric Analysis,” 8th ed., p. 378. 
2 See page 20. 
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No 3b was evaporated to complete dryness and maintained at 
a temperature of about 120° for half an hour or more. The re- 


sults in this case are instructive. 
Table II—Showing the proportion of the zinc retained by 
aluminum hydroxide, metallic aluminum being added to the assay 


instead of iron. 
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I 60 7.00 14.30 57-80 1.85 59.65 0.31 0.15 
2 60 1.40 2.86 59.32 0.50 59.82 0.50 0.24 


Table ITI.—Giving a few typical results selected from a large 
number of experiments made upon zinc blende concentrates, etc. 
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No. Material. Sts Re} S As N 

1 Pure yellow blende 0.33 65.30 0.26 65.56 0.7 
2 “‘Sludge’’......... 1.12 57.27 0.60 57-97 0.54 
16 Blende ore........ 3.54 49.92 0.55 50.47 0.31 
19 Blende ore........ 4.95 53.977 ee @ 54.88 0.22 
20 Blende ore........ 5.86 48.90 1.00 49.90 0.17 
21 Mexican blende... 13.54 42.90 1.50 44.40 O.II 


In the four following, three precipitations of iron were made, 
each filtrate being titrated by itself. 


TABLE IV. 
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1 Marmatite-.. 9.70 44.30 2.50 0.45 0.25 0.05 
2 Blende..... 8.62 47.20 3.00 0.58 0.35 0.07 
3 Blende..... 8.75 46.05 4.75 0.40 0.55 0.05 
4 Blende..... 14.32 16.50 2.05 0.55 0.14 0.04 


The following note, communicated by Geo. C. Stone, of the 
New Jersey Zinc Co., is of interest in connection with the separa- 
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tion of ferric iron by ammonia: “In the case of our ores we find 
that if a thoroughly oxidized solution is evaporated and heated 
to render the silica insoluble, treated with hydrochloric acid and 
washed, the resulting filtrate frequently contains some ferrous 
salt, making it necessary to oxidize before precipitating iron. 
I believe that the tendency of manganese salts to exert a reducing 
effect upon ferric iron in solution is probably the cause of this 
phenomenon. It certainly deserves investigation.” 

Manganese, when precipitated by oxidizing agents from solu- 
tions containing zinc, often carries down very considerable quan- 
tities of the latter, more especially when the precipitate contains 
lower oxides of manganese than manganese dioxide. In the 
presence, however, of considerable ferric iron, the manganese 
goes down as the black flocculent manganese hydroxide and little, 
if any, more zinc is carried down than would be the case if iron 
alone were present. 

In the following experiments (Table V) the sample used con- 
tained a considerable proportion of willemite, together with 
franklinite and other minerals peculiar to the New Jersey ores. 
The silicious residue resulting from the treatment of the sample 
by hydrochloric acid, etc:, was therefore separated by filtration 
before addition of ammonia. In No. 1 no ammonium chloride 
was added before the first precipitation by ammonia, but suffi- 
cient ammonium persulphate was added with the ammonia in 
each case to separate all the manganese as manganese hydroxide. 
In No. 2, four precipitations were made and the insoluble residue 
from the preliminary treatment was fused with potassium bisul- 
phate to recover about 0.24 per cent. of zinc found to be insoluble, 
probably as dysluite. In No. 3 the sample was first treated ac- 
cording to Dr. Low’s method,' and the first precipitate, including 


1 By Low’s method is here meant the attack of the ore by a saturated solution of po- 
tassium chlorate in nitric acid, without previous decomposition by other means. An anal- 
ysis of the same sample made by first decomposing the ore with strong hydrochloric acid, 
(franklinite is insoluble in the chlorate mixture) evaporating to drynessin a platinum 
dish, expelling silica by means of hydrofluoric acid, then treating the residue with the 
chlorate mixture, etc., gave a correct result with a single filtration. The separation of 
iron and manganese from zinc is absolutely perfect when the silica is first removed either 
by hydrofluoric acid or by Furman’s more tedious but equally effective method, provided 
a diluent such as Dr. Low recommends is employed. Caution is required regarding the 
proper use of the chlorate mixture. If less chlorate is used than will precipitate all of the 
manganese, the results of the titration will be too high by 1.6 per cent. of zine for every 
per cent. of manganese iu the filtrate. If an excess of chlorate be used, and remain un- 
decomposed. the titration will also give too high results, even when a large excess of 
sodium sulphite is added. This is due to a peculiar decomposition of the ferrocyanide 
that occurs when a chlorate is present in an acid solution. 
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the insoluble material, was redissolved and precipitated twice by 
persulphate and ammonia as in Nos. 1 and 2, giving two addi- 
tional filtrates. An analysis of this sample made by the special 
hydrogen sulphide method described in the sequel gave: 


PARE eae cisinivcwe cesv er 17.90 Aluminum oxide...... 2.00 
MERIT vioiw sive) oo 91s 01.010’ 20.35 Calcium oxide......-- 10.93 
Manganese.........+ 9.37 Insoluble ...+- 220200 12.80 
TABLE V. 
~ z g z z 
= ° 7 s of z 
& a =o z #§ 3 
4 ; wa a 
us 2. 6 gs 36 os ee 
ae a 3 oa 32 oor] =e 
c= on os = Og ~ NS 
eo se us ve ‘us a 33 
S So oo Rot BO ft Bat=) 34 
Z Zo am N 8 N N BA 
I 9.37 20.35 13.95 2.42 1.43 . 17.80 
2 9.37 20.35 15.05 2.25 0.55 0.10 17.95 
2 9.37 20.35 12.73 1.33 2:97 tee 16.83 


The sample used in the above tests is one of a set of three 
recently sent to a number of chemists as a preliminary to an in- 
quiry into the causes of discrepancies in zinc analyses, instituted 
under the auspices of the Committee on Uniformity in Technical 
Analyses, New York Section of the Society of Chemical In- 
dustry. 

To prevent manganic oxide from carrying down zinc when pre- 
cipitated by bromine, peroxide of hydrogen, persulphate, etc., it 
appears to be absolutely necessary that the manganese shall be 
separated as hydrated binoxide, as before stated, and, if the 
separation is to be effected from an ammoniacal solution, it should 
beconcentrated and contain a large amount of ammonium chloride. 
The recent researches of Dittrick and Hassel* on the separation 
of manganese by ammonium persulphate, in which it is found 
that manganese can be separated completely from zinc by having 
the solution highly diluted, refers to sulphuric acid solutions.* 
When no ferric compound exists in the solution, the persulphates 
give a brownish yellow slimy precipitate rich in zinc, but the 
addition of bromine water produces the black flocculent precipi- 
tate nearly free from zinc under the conditions prescribed. One 
part of ammonium persulphate precipitates about 0.6 part of man- 
ganese from an ammoniacal solution. 


1 Ber. d. chem. Ges., 35, 15, 3266-3271. 
2 See also papers on the subject by H. Baubigny, Compt. Rend., 135, 22, 965-967, and 


136, 7, 449-451. 
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Examples of occlusion of zinc by manganese: 

(a) To a solution (from zinc ore) containing 0.262 gram of 
zinc, 0.0212 gram of iron and 0.1043 gram of manganese in 35 
cc., there was added 3.5 grams of ammonium chloride, 0.5 gram 
of ammonium persulphate and 7 cc. of ammonia; the solution 
was boiled, filtered arfd washed. The precipitate contained 
0.01375 gram of zinc. 

(b) A solution of the same volume containing the same 
amounts of zinc and iron, but no manganese, treated exactly like 
the foregoing, gave a precipitate containing 0.0033 gram of zinc. 

(c) A repetition of the first experiment, using 150 cc. of water, 
instead of 35, gave a precipitate containing 0.0295 gram of zinc. 

The following results of the precipitation of manganese by bro- 
mine from acetate solutions containing, in each case, 0.2265 gram 
of zinc and 0.2609 gram of manganese, have been communicated 
to me by Mr. Geo. C. Stone: “The manganese found was 0.3045, 
0.2945, 0.2895, 0.2840, and 0.2864; in the sixth the manganese 
was not weighed. The zinc found in the same solutions was 
0.1763, in the second it was not weighed, 0.1860, 0.1780, 0.1858 
and 0.1795. As you will see, with a large proportion of man- 
ganese the error is a serious one.” 

The well-known method of separating manganese from iron 
and zinc by means of nitric acid and potassium chlorate does not 
appear to give satisfactory results in many cases. In our lab- 
oratory, recourse is now had to a separation of the zinc as sul- 
phide for all control or umpire work upon material containing 
manganese and other interfering elements. 

Calcium fluoride, which frequently occurs in zine ores, does 
not appear to occlude zinc in the ordinary ammoniacal precipitate. 
Thus a crude ore from Illinois containing 24.24 per cent. of zinc 
as sulphide, 0.44 per cent. of iron, 31.37 per cent. of calcium 
carbonate, and 17.96 per cent. of calcium fluoride, gave 24.05 per 
cent. of zinc in the first filtrate and 0.25 per cent. in the second, 
with quite sharp end-reactions. An analysis in which the zinc 
was separated as sulphide gave 24.25 per cent. of zinc. 

(5) The Use of Hydrogen Sulphide for Separating Cadmium, 
etc.—The inexactitude of this process may be inferred from the 
classic experiments of Fresenius, but in view of Dr. Low’s ad- 
vocacy of its use in technical analysis, it seemed advisable to 








I2 W. GEORGE WARING. 


make some additional tests, following his directions precisely. 
These tests fully confirmed the statements of Fresenius, showing 
that it is impossible to separate even a small proportion of the 
cadmium without at the same time separating a very considerable 
proportion of the zinc. 

Although it appears to be impracticable to separate cadmium 
completely from zinc by hydrogen sulphide, yet if the acidity of 
the solution is reduced so as to allow a complete precipitation of 
the cadmium along with nearly all the zinc, and the precipitate 
is afterwards treated with dilute hydrochloric or sulphuric acid, 
containing about 5.5 per cent. of absolute hydrochloric acid or 
8 per cent. sulphuric acid, without heating, but with vigorous 
stirring or agitation, the zinc goes into solution while the excess 
of hydrogen sulphide, set free in the liquid, prevents any of the 
cadmium from dissolving. The development of the pure, bright 
yellow color of cadmium sulphide affords a visible means of con- 
trolling the operation with hydrogen sulphide water, if necessary. 
The detection and estimation of cadmium with accuracy, although 
not essential for most technical purposes, is, in some cases, @é. g., 
in oxide manufacture, of very great importance. 

Items 6, 7 and 8 require only the following explanatory re- 
marks: The brown-red color of uranyl ferrocyanide is more or less 
discharged by moderately strong acid, so that only the excess 
required to promote the formation of the insoluble double ferro- 
cyanide of potassium and zinc should be present, and the amount 
of this excess must be the same in standardization as in titrating. 
If the amount of zinc present greatly exceeds 0.1 gram to 100 cc., 
some zinc chloride or normal ferrocyanide appears to be enclosed 
in the precipitate so that a low result ensues. Heat, as well as 
the presence of hydrochloric acid and ammonium chloride, pro- 
motes the transformation of the normal ferrocyanide into the in- 
soluble double ferrocyanide. The completion of this reaction is 
extremely slow in cold solutions. Under the next item (9) 
attention will be drawn to a similar but much more pronounced 
delaying of the end-reaction due to the presence of cadmium. 

(9) Plus Errors Due to the Presence of Copper, Cadmium, 
Antimony, Manganese, Aluminum, Organic Acids, etc.—In tech- 
nical work the slightly higher results due to mere traces of such 
elements are disregarded, but when extreme accuracy is required, 
the cumulative effect of minute amounts of other metals must be 
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duly considered. Thus the presence of 0.06 per cent. of copper 
in a zine blende gives no indication of its presence in an am- 
moniacal solution of 200 cc., yet it increases the zinc result by a 
little over 0.1 per cent. by actual test. 

The erroneous statements found in various publications re- 
garding the compounds formed when ferrocyanide is added to 
the solution of a cadmium salt have been made the subject of some 
research by the writer. 

The research confirmed the results obtained by Dr. E. H. 
Miller,? which led him to conclude that the precipitates obtained 
under different conditions could be resolved into mixtures of two 
simple ferrocyanides: Cd,FeCy, in which 3Zn equals 4Cd, and 
the zinc factor multiplied by 2.291 equals the factor of cadmium, 
and K,CdFeCy, in which 3Zn equals 2Cd and the cadmium factor 
is 1.1454 times the zinc factor. 

It also developed a peculiar reaction due to the presence of 
ammonium chloride, which led to the discovery of what is be- 
lieved to be a new ferrocyanide of ammonium and cadmium. 

When a quite acid solution containing cadmium, but no am- 
monium salt is titrated with ferrocyanide until the color reaction 
appears with uranium, and ammonium chloride is then added, 
the color reaction disappears and does not reappear until after a 
very considerable further addition of ferrocyanide. The ferro- 
cvanide actually used corresponds to a factor ratio of zinc to 
cadmium as 1.0 to 1.245 and I.0 to 1.243 upon duplicate trials. 
Th precipitate, when dried, was analyzed by distillation with 
caustic soda and found to contain Cd 32.62 per cent., NH, 11.30 
per cent., FeCy, 56.08 per cent., giving approximately the em- 
pirical formula (NH,),CdFeCy,. It is of a light bluish color 
when dry, is anhydrous and appears to be quite insoluble in hy- 
drochloric acid. 

Under the conditions existing in a zinc analysis, namely, the 
presence of about 4 per cent. by measure of strong hydrochloric 
acid and 3 per cent., or more, of ammonium chloride, if as much 
as 0.002 to 0.003 gram of cadmium and 0.2 to 0.3 gram of zinc 
are present in about 250 cc. of solution, the presence of the cad- 
mium is shown at the end of the titration by the fading of the first 
faint coloration in the testing drops, which fading will extend 
to 2 or 3 drops, or proportionately more with larger amounts of 


1 This Journal, 22, 541, and 24, 226. 
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cadmium. A permanent end-reaction is obtained when about as 
much ferrocyanide has been consumed for each part by weight 
of cadmium as would be required for 0.62 part of zinc. This 
ratio corresponds with no definite compound of ferrocyanogen 
and cadmium, and varies with the conditions of the analysis. 
The accurate determination of zinc in the presence of cadmium, 
or of cadmium, either alone or in the presence of zinc, is therefore 
impossible by means of ferrocyanide. 

Fortunately, however, we have in metallic aluminum? a means 
of quickly and completely separating cadmium, as well as the 
other metals of the lead group, from zinc by boiling in a moder- 
ately acid solution, from which the zinc can be precipitated by 
hydrogen sulphide after filtration and neutralization. 

The effect of aluminum salts on the titration of zinc has been 
shown by Miller and Hall? to yield irregular results. We have 
found that 200 cc. of a solution containing 0.3032 gram of zinc 
and 0.299 gram of aluminum, both as chlorides, with the usual 
amounts of free hydrochloric acid and ammonium chloride, re- 
quired 63.40 cc. of ferrocyanide instead of 61.22 cc., which would 
have been sufficient in the absence of aluminum. 

Oxalic acid increases the amount of ferrocyanide required. 
Thus in five cases where lime had been separated as oxalate from 
a strongly ammoniacal zinc solution, the acidified filtrates required 
respectively 0.97, 0.40, 1.00, 0.35 and 0.65 cc. more than would 
have been required in the absence of oxalic acid. 

(10) The Decomposition of Ferrocyanide by Oxidizing Agents 
Cl, Br, H,O,, N,O,, etc.)—When these are used for separating 
manganese, the usual procedure is to destroy the excess by means 
of a sulphite. We find it advantageous to use sodium sulphite 
in making up the ferrocyanide solution, thereby obtaining the 
additional advantage of rendering the latter quite permanent. 
Chlorates must be completely decomposed before titration, as they 
seriously affect the result even in the presence of sulphites (see 
footnote, page 9). 

(11) The Use of Too Much Hydrochloric Acid.A—We found 
that 0.233 gram of zinc with 4 grams of ammonium chloride in 


1 If cadmium is to be precipitated by aluminum, the solution must be rather strongly 
acid and must be boiled or the precipitation will be very slow. If copper is to be precipi- 
tated, the solution must be free from ammonium salts. 

2 Miller and Hall: School of Mines Quart., 21, 270. 

3 Miller and Hall: Loc. cit. ante. 
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8 cc. of hydrochloric acid and 250 cc. of water required 47.30 cc. 
of ferrocyanide, while with 15 cc. additional of hydrochloric acid 
the same amount of zinc required 47.55 cc. 

(12) The Use of an Incorrect Standard.—The value of 1 cc. of 
the ferrocyanide is usually determined by titrating the solution of 
a weighed amount of calcined zinc oxide, or, supposedly pure 
metallic zinc.1_ The stick zinc made by Merck and Schuchardt is 
almost absolutely pure when fresh, but soon acquires a coating of 
oxide which seriously diminishes its value. 

A special grade of so-called “C. P.” zinc in sheets has recently 
been place on the market, for use in standardizing. It is very 
convenient because its thickness is such that one square centi- 
meter weighs almost exactly 0.1 gram (0.101 gram) and contains 
very nearly 0.1 gram of zinc. An analysis of a bright, but un- 
washed sample gave: Zinc, 98.86; lead, 1.09; iron, 0.02; oxy- 
gen, 0.03. 

The actual value of any sample of fairly pure sheet zinc, if it 
contains no cadmium, can be accurately determined by standard- 
izing against pure zinc by titration with ferrocyanide. In this 
way it is found that many of the expensive forms of zinc sold by 
the chemical dealers are in reality no purer than, and in some 
cases not as pure as, some of the high-grade spelters. 

Some of the zinc oxides sold as “C. P.” are also very impure. 
We find, however, that several of the German makes, when ob- 
tained in the original packages, contain no appreciable impurities, 
and, after calcination in a platinum dish in a perfectly clean, new 
muffle and cooling over sulphuric acid, can be kept for months 
in a tightly stoppered bottle without change. 

A number of experiments were made to determine the rate at 
which zinc oxide gained or lost water and carbonic acid when 
exposed under different conditions, but the results varied so 
greatly for different samples exposed at the same time that the 
results were of no value. 

At a meeting of chemists held in Joplin, Mo., in 1900, a pro- 
posal was made to test the stability of pure natural blende in fine 
powder, with a view to its use for standardizing. 

Ten grams of a special sample, found by concordant analyses 


1 Metallic zinc for standardizing should be digested with ammonia and ammonium 
chloride, then washed thoroughly, first with water, then with pure alcohol and well 
dried. It will then keep for many weeks without sensible change, if not exposed to 
moisture or acid vapors. 
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by chemists in Europe and America to contain 65.51 per cent. of 
zinc, gained 0.004 gram in weight after exposure for two days 
over water charged with carbonic acid. After twelve hours’ ex- 
posure over dilute hydrochloric acid it gained 0.0735 gram addi- 
tional, after forty-eight hours 0.0985 gram, and after twenty 
days 1.0705 grams. Six days’ desiccation over sulphuric acid re- 
duced the total gain to 0.2590 gram. 5.32 grams of the original 
sample exposed, in a muffle, to a temperature of 400° for 45 
minutes, lost 0.0304 gram in weight. 


ANALYSES OF BLENDES. 


The following analyses were made with the utmost care, using 
5 to 10 grams of ore for the determination of the metals other 
than zinc, and are representative. They were not made in the 
ordinary course of commercial work, but especially to accompany 
this paper. 


Ore. Zinc. Iron. Lead. Copper. Cadmium. 

Sphinx Mine, Neck City, Mo....... 65.77 0.55 0.00 0.077 0.135 
Ore from Golconda, Ill ............ 60.55 1.18 0.51 0.046 0.IIO 
Average of 2270 car-loads from Webb 

City, Mo~..-.e cece cece ween vee 57.08 2.60 0.90 0.050 0.337 
Standard Mine, Fortuna, Mo....... 61.97 0.55 0.815 0.133 0.436 
Maude B. Mine, Webb City, Mo..-- 55.70 4.90 trace trace 0.227 
Big Six Mine, Aurora, Mo.......... 56.75 1.88 none 0004 0.018 


McKinley Mine, Prosperity, Mo.--- 57.20 1.25 5.29 none 0.550 
Hudson Mine, Pleasant Valley, Mo. 62.05 0.61 none 0.030 0.322 


Big Circle Mine, Oronogo, Mo.....- 56.90 1.64 I.51 trace 0.110 
Willard Mine, Mo......--+esseeeees 63.30 0.80 0.41 0.064 0.320 
Gundlingand Standard, Fortuna,Mo. 63.50 0.90 0.32 0.107 0.530 
October Mine, Webb City, Mo.....- 58.10 2.74 0.59 none 0.460 
Majestic Mine, Webb City, Mo.....- $7.05 1:82 61 none 0.330 
Three Shaft, Carterville, Mo........ 60.20 2.08 0.89 0.090 0.140 
Uncle Sam Mine, Aurora, Mo....... 61.20 0.75 none 0.010 0.590 
Crittenden Co. ore, Kentucky...... 53-58 0.77 0.76 none 0.211 
Underwriters Mine, Webb City, Mo- 57.95 1.60 1.62 sees 0.710 
Jack Rose Mine, Joplin, Mo..-..... 54.70 1.36 1.02 ssee 0.260 
Blende from Kentucky Fluorspar 

RRR coo 'ein 95013 4i0:s!s,0 Ieee e ee ae ee 53-50 0.77 0.76 none 0.211 
Average of 2145 shipments, Joplin 

DIStrict «2s 0.00:000000 ccecce seve 57-75 2.32 1.07 0.042 0.388 


I desire here to express my obligations to Mr. Geo. C. Stone, of 
the New Jersey Zinc Co., Mr. C. V. Petraeus, of the Lanyon 
Zinc Co., and Dr. Edmund H. Miller, of Columbia University, 
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for valuable suggestions and assistance rendered in the prepara- 
tion of this paper. 

I append a description of the methods of analysis employed in 
our laboratory for the technical estimation of zinc. 


THE VOLUMETRIC DETERMINATION OF ZINC AS PRACTICED IN THE 
LABORATORY OF WARING AND SON, WEBB CITY, MO. 


(A) Stock Solutions. 


(1) Standard Potassium Ferrocyanide.—21.63 grams of 
Merck’s pure potassium ferrocyanide and 7 grams of sodium sul- 
phite crystals are dissolved in pure, non-aérated distilled water, 
the solution made up to exactly 1 liter and thoroughly mixed. 
Usually 10 liters of solution are made at a time and kept in a 
3-gallon demijohn from which it is siphoned to the burette as 
required. Theoretically, 21.544 grams of ferrocyanide is required 
per liter, but, owing to impurities in the so-called “C. P.’’ salt, 
we find that from 21.55 to 21.80 grams are necessary. One cc. 
of this solution should be equivalent to 0.005 gram of zinc. 

(2) Standard Zinc Acetate-—6.23 grams of pure, freshly ig- 
nited zinc oxide are dissolved in 60 cc. of 30 per cent. acetic 
acid with the aid of heat and, when perfectly cold, made up to 
exactly 1 liter. One cc. contains 0.005 gram of zinc. The acetate 
is much the most satisfactory salt of zinc for this purpose, though 
the sulphate or chloride can be used. The chloride causes the 
burette cock to stick, while the acetate is a lubricator. 

(3) Uranium Acetate (Indicator).—Dissolve 4.4 grams of the 
pure salt! (Merck’s or Schuchardt’s) in 100 cc. of distilled 
water and 2 cc. of acetic acid. This amount is sufficient for 200 
zinc determinations. If a pure acetate is not available, use the 
nitrate, 52 grams to the liter. 





(4) Standard Potassium Permanganate-—Exactly 20.1 grams 
of the pure salt are dissolved and the solution made up to exactly 
7 liters with pure aérated distilled water. One cc. of this solu- 
tion should be equivalent to 0.005 gram of iron or 0.0025 gram of 
lime. 

(5) Stock Solution of Ammonium Chloride——200 grams of 
pure ammonium chloride are dissolved in a liter of distilled water 


1 The label “Uranium Acetate, Merck, highest purity,” does not necessarily mean 
pure uranyl acetate, as the sodium uranyl acetate is so designated as well as the sodium- 
free salt. See Proceedings Missouri Pharmaceutical Association, 1903, Pp 23-37. 
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and 10 cc. of ammonia. For use 30 to 50 cc. of this solution are 
added to a liter of water in a wash-bottle. 

(6) Dilute Hydrochloric Acid.—One volume of the strong acid 
(sp. gr. 1.20) is mixed with three volumes of distilled water ; 
used in a wash-bottle. 

(7) Dilute Sulphuric Acid.—One volume of strictly pure strong 
acid is poured slowly, with constant stirring, into three or four 
volumes of distilled water and, when perfectly cold, made up to 
five volumes. 

(B) Standardizing. 

(1) The Ferrocyanide Solution.—Weigh out, as nearly as prac- 
ticable, 0.3 gram of Merck’s or Schuchardt’s “C. P.” zinc,’ or 
exactly 0.37338 gram of “C. P.” freshly ignited zinc oxide (equal 
to 0.3 gram of zinc), and dissolve in 25 cc. of the dilute hydro- 
chloric acid, add 3 to 4 grams of pure ammonium chloride and 
dilute to 200 cc. with distilled water at about 60° C. Titrate at 
once with the ferrocyanide solution, running in about 58 cc. at 
once with vigorous stirring. Note the change at this point in 
the appearance of the precipitate, a change from bluish white, 
thickish skim milk, to nearly pure white, accompanied by a thin- 
ning of the solution and a separation of the K,Zn,(FeCy,), in 
flocculent form on standing for a minute, especially if the stirring 
has been vigorous. This appearance always occurs, at a temper- 
ature of about 60°, when the titration is within 2 or 3 cc. of com- 
pletion. Run in 2 cc. more and the precipitate will lose its floc- 
culent appearance and will remain suspended for a+considerable 
time. Test two or three drops of the solution by running them off 
the end of the stirring rod on to a drop of the uranium solution 
placed on a perfectly clean white porcelain plate. The solution 
must be thoroughly stirred each time and the rod and sides of the 
precipitating vessel be washed with a jet of hot water, after each 
addition of ferrocyanide, before testing. The test should give no 
tinge of brown or even the slightest flash of discoloration. Run 
in the ferrocyanide now drop by drop, testing after each addition, 
until a distinct, though faint, flash of color is observed. When a 
definite reaction is obtained, allow the color to develop, which will 
require from two to three minutes. Frequently it will be seen 
that, in addition to the drop which first gave the reaction, from 


1 See note, p. 15. 
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one to five of the others develop a brown-red color. If this be the 
case, deduct from the burette-reading the fraction of a cubic 
centimeter corresponding to the number of drops that show a 
color, in order to obtain the correct reading. The dilution coéffi- 
cient, 7. ¢., the amount of ferrocyanide necessary to give a reac- 
tion with uranium in a solution of the temperature and volume 
and containing the amounts of free acid and ammonium chloride 
that are in the solution being tested, at the end of the titration, is 
usually about 0.35 cc. and must always be deducted from the 
burette-reading. The standardization should always be made in 
duplicate or triplicate. 

If the solution is found to be exactly standard, or within 0.25 
cc. of the standard, it will only be necessary, when 0.5 gram of 
ore is taken for analysis, to deduct the dilution coéfficient from 
the burette-reading in order to obtain the percentage of zinc in 
the ore. If the variation from the standard is greater than 0.25 
cc., divide the number of milligrams of zinc used for standard- 
izing by five times the burette-reading (less the dilution coéffi- 
cient). To obtain the percentage of zinc in an analysis, the net 
burette-reading is to be multiplied by this factor, which should 
vary but little from unity. 

The reactions between zinc chloride and potassium ferrocyanide 
occur as follows: At first the normal zinc ferrocyanide is formed ; 
thus, 

4ZnCl, + 2K,FeCy, = 8KCI + 2Zn,FeCy,, 

when about 45.5 cc. of the standard ferrocyanide solution has 
been added to a chloride solution containing 0.3 gram of zine. 
If the temperature is low (20° to 25°), it will be found that a 
yellowish brown coloration is produced with uranium on the addi- 
tion of more ferrocyanide. This coloration (which does not 
appear with hot solutions) will, however, fade gradually, but it 
will be yielded by the solution up to, nearly, the point at which 
the precipitate becomes flocculent, when it wholly disappears. 
The final, and permanent, coloration occurs when the following 
secondary reaction has been completed, as shown by Konick 
and Prost :? 


6Zn,FeCy, + 2K,FeCy, = 4K,Zn,(FeCy,). 
whence 3Zn (196.23) : 2K,FeCy,,3H.O (845.50) : : 5 : 21.5436. 


l Zischr. angew. Chem. (1896), pp. 460-461. 
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After a little experience, the coloration produced after the 
first reaction causes no difficulty, even with a cool solution, since 
the color is different and fades on standing instead of becoming 
more intense, and the solution retains the bluish skim-milk color 
which differs from the pure creamy white of the later reaction. 

The presence of a trace of copper in the solution also affords 
an indication of the passing of the three-quarter point. The 
normal ferrocyanide of copper gives a light chocolate tint to the 
solution, if present in the merest traces in a zinc solution, but 
when the three-quarter point is passed the chocolate tint changes 
to a blue, which does not interfere with the final reaction. ‘The 
presence of copper increases the apparent result by about 1.8 
parts zinc for each part of copper. 

(2) Permanganate.—This solution is standardized by means of 
ferrous ammonium sulphate as directed by Fresenius’ and other 
handbooks. It is advisable to add a piece of pure zinc before 
solution of the ammonium salt, and a little acid, then when the 
solution is complete and cooled, to decant and wash before titra- 


tion. 
THE ZINC ANALYSIS. 


The simple analysis, applicable to pure carbonate and blende 
ores, will be given first ; then the modifications applicable to: 

(a) Silicates and calcined ores. 

(b) Impure zinciferous ores containing considerable zinc, with 
copper, cadmium, manganese, antimony, silver and other elements. 

(c) Low-grade zinc ores, slags, furnace residues, etc. 

In the case of pure blende or carbonate ore containing only zinc, 
lead, iron and rock, it is usual to take 0.5 gram of the finely 
ground and dried sample for analysis. With low-grade material, 
larger amounts should be used so that the quantity taken for the 
analysis should contain approximately 0.2 to 0.3 gram of metallic 
zinc. 

Transfer the weighed ore carefully and completely to a flat-bot- 
tomed flask of 150 to 250 cc. capacity—the so-called “copper deter- 
mination flasks” made by Whitall Tatum Company are excellent 
for this purpose, as are also small Erlenmeyer flasks. Add about 
4 ce. each of strong nitric and hydrochloric acids, washing down 
with the acid any part of the ore that may have adhered to the 
neck of the flask, set it on the hot plate in the fume chamber and 
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boil until red fumes are no longer evolved. Add about 3.5 grams 
of granular ammonium chloride and continue boiling until the 
contents of the flask intumesce, becoming thick and pasty, avoid- 
ing too great a heat as the volatilization of the ammonium chlo- 
ride with white fumes must be prevented. While the mass is 
still moist, but so nearly dry that it has stopped intumescing, 
remove it from the heat, add about 30 cc. of hot water, twirl the 
flask a few times to cause all the soluble matter to dissolve,? add 
6 to 7 cc. of strong ammonia, boil for a minute, filter and wash 
out the flask four times with hot dilute ammonia and wash the 
precipitate, on the filter, four times more with the same solution. 
The washed ferric hydroxide always contains a considerable 
amount of zinc which cannot be removed by washing, so that it 
is necessary to dissolve and reprecipitate the iron. Set the funnel 
and precipitate in the neck of the flask in which the ore was dis- 
solved, dissolve the precipitate by means of a spray of hot, dilute 
hydrochloric acid, using no more acid than is necessary; from 
6 to 10 cc. should be enough. Place about 0.5 gram of ammonium 
chloride in the filter and wash three times with hot water and 
then once with dilute ammonia. Reject the insoluble residue. 
Add about 4 cc. of ammonia to the solution, boil, filter and wash 
as before. 

Both of the ammoniacal filtrates containing the zinc should be 
perfectly colorless ; if a blue tinge is perceptible, copper is present 
and must be removed as directed under modification (a). If no 
copper is present, add 15 cc. of strong hydrochloric acid, warm 
the solution to 50° or 60° and transfer it to a precipitating-jar of 
moderately thick glass. Titrate with ferrocyanide, adding at 
once within 10 or 15 cc. of the amount judged to be necessary. 
Note the appearance of the liquid as to the bluish skim-milk com- 
plexion, add 3 or 4 cc. at a time, stirring very thoroughly each 
time until the precipitate becomes flocculent, then less and less 
until the opaque, white, non-flocculent characteristic appears, then 
add 3 to 5 drops at a time, testing with uranium after each addi- 
tion. When only from 2 to 5 drops of ferrocyanide are required 
to complete the precipitation, an experienced eye will detect a 
peculiar darkening of the test, not, however, showing any tinge 


1 If the appearance of the undissolved residue indicates the presence of gelatinous 
silica, the contents of the flask must be filtered into another flask and washed six or seven 
times with hot water, before adding ammonia (see remarks under modification (a)). 
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of color, so that the final reaction may be reached by means of 
single drops of the precipitant. For a beginner, it is best to reach 
a decided color reaction by means of 0.5 cc. additions and drop- 
tests, and then titrate back with standard zinc acetate solution 
added by single drops, testing after each drop. This must be 
continued until at least three or four drops have been tested with- 
out showing the faintest tinge of brown coloration, and then two 
or three minutes’ time, at least, be allowed for the color to develop 
in the drop that marks the exact end-point. It will be noticed 
that when nearing the precise end of the reaction, a momentary 
darkening of the drop, as before stated exceedingly faint, will ap- 
pear when the drops of zinc solution come in contact with the 
uranium acetate drop, im-:ediately disappearing as the drops be- 
come mixed, so that for a minute or so the mixture is pure white, 
then the faint brown color begins to appear and grow darker 
until a distinct red-brown color is finally established. When the 
end-point is passed, no trace of momentary tint shows at the con- 
tact. The color reaction in this test, although requiring time to 
develop, is exceeding delicate and definite, and, with proper care 
in the preparation of the solution, duplicate and triplicate deter- 
minations will agree to a single drop, that is, to within 0.05 per 
cent. It is important that the volume of the solution to be titrated 
should be nearly 75 to 100 cc. for each 0.1 gram of zinc present. 
The sharpness of the end-reaction depends also in a great meas- 
ure on the percentage of free hydrochloric acid in the solution; 
it should always be at least 3 per cent. by volume, of strong acid 
(sp. gr. 1.20). 

Modification (a). For Ores Containing Soluble Silicates. 
When soluble silicates are present in an ore, the method described 
above fails because a considerable portion of the zinc is precipi- 
tated as silicate when ammonia is added to an acid solution con- 
taining soluble or gelatinous silica; several solutions and repre- 
cipitations will not bring all the zinc into solution unless the silica 
is first removed by filtration. 

In the presence of soluble silicates, the following method gives 
satsfactory results. The weighed sample of pulverized ore is 
placed in a porclain casserole, moistened with a few drops of 
water and spread over the entire bottom with a stirring rod; a 
mixture of 1 cc. of nitric and 6 cc. of hydrochloric acid is added 
and the ore stirred, to prevent clotting, until complete gelatiniza- 
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tion has taken place. Evaporate gently, after stirring in 3 to 4 
grams of ammonium chloride, until the mass is nearly dry, i. e., 
until it is no longer quite wet, but will crumble on stirring. It is 
not necessary to carry the evaporation to complete dryness, nor 
is it advisable. Dilute with hot water, filter and wash seven 
times with hot water, catching the filtrate and washings in a 250 
cc. flask. A little experience will enable one to stop the evapora- 
tion at the point where the gelatinous silica can be most rapidly 
filtered and washed; at this point not more than 0.005 gram of 
silica will remain in solution. The filtrate is now ready to be pre- 
cipitated with ammonia and treated as already described. Should 
the ore contain manganese, it must be removed as described in 
the next section, before precipitating with ammonia. 

Modification (b). For Impure Ores Containing Zine with 
Either Manganese, Copper or Cadmium, or All of These Metals 
with Other Elements.—In the absence of cadmium, or when it is 
not to be estimated, the ore is to be decomposed as first described, 
or as in (b), if soluble silicates are present, increasing the pro- 
portion of nitric acid, if considerable sulphides are present. After 
the zinc is dissolved and the ammonium chloride added, add 0.03 
gram of ammonium persulphate and Io cc. of bromine water for 
each 0.01 gram manganese possibly contained in the solution, 
then 7 cc. of strong ammonia, and boil for two or three minutes 
before filtering. The manganese will be precipitated as hydrated 
binoxide along with the ferric hydroxide. When but little man- 
ganese is present, it is not necessary to redissolve the manganese 
hydroxide to obtain the whole of the zinc. If the precipitate is 
broken up by a jet of warm, dilute sulphuric acid, only the iron 
and zinc will be dissolved, so that only a small amount of sodium 
persulphate and bromine need be added before the second precipi- 
tation. When but little iron is present, it is well to dissolve by 
hot dilute hydrochloric acid; allowing, as before, what manganese 
hydroxide fails to go into solution to remain on the filter. When 
bromine is used as an oxidizing agent, any excess will show its 
presence by an orange or orange-red color when the solution is 
acidulated before titration. Any free bromine present must be 
removed by the addition of sodium sulphite or it will oxidize the 
first portion of ferrocyanide added in titration. 

When the ore contains copper, the blue ammoniacal zinc solu- 
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tion should be neutralized by hydrochloric acid and an excess of 
5 cc. added, then a gram or two, or even more, if much copper is 
present, of very fine, pure “Freiburg’’ test lead and the solution 
boiled for ten to twenty minutes, by which time all the copper 
will have been precipitated on the lead. When cool enough, the 
solution is decanted into the precipitating-jar, 8 cc. more hydro- 
chloric acid added, and the titration for zinc proceeded with. The 
lead in the acid solution does not interfere in the slightest degree 
with the zinc determination. On the addition of ferrocyanide a 
chocolate-brown tint appears, if the copper was not completely 
separated. This color changes to a fine cobalt-blue towards the 
end of the titration, at which point the blue tint sometimes dis- 
appears altogether. 

When cadmium is to be separated as well as copper, it is cus- 
tomary, in many laboratories, to evaporate the acid sulphate solu- 
tion of the ore (without the addition of ammonium chloride or 
nitrate) to dense white fumes, cool, digest with water to dissolve 
basic sulphates, filter out lead sulphate and insoluble matter, 
dilute until the proportion of free sulphuric acid is less than 8 per 
cent., then to heat and pass hydrogen sulphide until all the cad- 
mium and copper and, at least, as much zinc as of both cadmium 
and copper, have been thrown down as sulphides, filtering out the 
precipitate and finally dissolving the zinc and cadmium in hot 
dilute (1:4) hydrochloric acid, and again precipitating as sul- 
phides after diluting until the amount of free acid is not over 7 
per cent. by weight.t. Or else to nearly neutralize the acid solu- 
tion with soda, and then pour it into a solution of caustic soda 
according to Fresenius? to separate the cadmium as hydroxide. 
In either case, the zinc filtrates are combined and prepared for 
titration by adding ammonium chloride and hydrochloric acid as 
usual. 

The following method, developed in our laboratory, gives exact 
results in a shorter time than any that we have experimented with. 
As it is available for all classes of zinc ores, affording a satis- 
factory control upon the accuracy of the usual technical methods, 
it will be described in detail. 

The method depends upon the separation of the zinc from man- 
ganese, iron and aluminum by means of hydrogen sulphide, under 


1 See Fresenius, Section 162, pp. 537-538, American edition. 
2 Section 162, 105, p. 542. 
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slight pressure, in a solution very slightly acidified by formic acid; 
the metals of the copper group having been previously separated 
by metallic iron or aluminum with simultaneous reduction of 
ferric salts. The operations are: 

(1) Solution —The calamine, willemite, franklinite, blende 
and other soluble minerals, or ores containing them, are decom- 
posed by hydrochloric acid or aqua regia, with subsequent treat- 
ment and evaporation with an excess of hydrochloric or sulphuric 
acid to thoroughly eliminate nitrous compounds. If zinc spinels 
or aluminates are present, the insoluble residue must be fused 
with a mixture of sodium carbonate and borax glass, the fused 
mass dissolved and the solution added to the main one. If much 
silica is present, spinels are decomposed by fusion with soda in a 
platinum crucible, any lead sulphate present having been ex- 
tracted by ammonium acetate. In the absence of silica or boric 
acid, the spinels cannot be decomposed by fusion with soda alone. 
In such case they can be decomposed by prolonged fusion with 
an alkaline bisulphate. Silicates, such as cinders from oxide 
furnaces, unchilled slags and some natural silicates undecom- 
posable by acids, must be fluxed or sintered with sodium car- 
bonate before treatment with hydrochloric acid. It is not neces- 
sary, in any case, to evaporate to dryness to separate silica—it 
can be filtered off in the gelatinous state. This can be done very 
rapidly, after dilution with water, when the gelatinization has 
reached a maximum and before dehydration has begun. The 
gelatinous silica at this stage will not retain any traces of metals 
after a few washings. 

(2) Reduction.—To avoid the effects of reactions like 

Fe,Cl, + H,S = FeCl, + 2HC!I-+ §S, 

and at the same time to remove copper, silver and bismuth before 
precipitating with hydrogen sulphide, the filtered solution, made 
fairly acid with hydrochloric or sulphuric acid, is boiled for fifteen 
or twenty minutes with a strip of clean sheet iron or steel. By 
this treatment all of the metals likely to be precipitated with zinc 
as sulphides are separated, except cadmium, which is not in the 
least degree reduced by metallic iron. 

Mr. G. C. Stone has suggested the use of metallic aluminum 
for the reduction. This has the advantage of separating cadmium 
and lead along with the other metals of the copper group, since 
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both are completely precipitated by aluminum from a rather 
strongly acid boiling solution of sulphates or chlorides, so that, 
when zinc only is to be determined, the subsequent operations are 
very much shortened. 

Reduction may also be effected by means of sodium sulphite or 
thiosulphate, when copper, or copper and aluminum are to be 
determined from the same weighed portion. 

The reduction is followed by filtration, the filtrate being re- 
ceived in a flask of about 300 cc. capacity. 

(3) Neutralization—Add to the filtrates a drop of methyl 
orange, then run in, from a pipette, a rather dilute solution of 
sodium hydroxide, meanwhile constantly agitating the contents 
of the flask with a swirling motion, until the pink color barely, 
but permanently, changes to a light yellowish tint and the cloudi- 
ness, due to the separation of hydroxides, fails to clear up en- 
tirely. Then add, drop by drop, enough 50 per cent. formic acid 
(sp. gr. I.12) to just restore the permanent pink color, and add 
up to half a cubic centimeter additional. Dilute the solution to 
200 or 250 cc. (or so that it will contain not more than 0.15 to 
0.20 gram of metallic zinc in 100 cc.) and heat to about 80°. 

(4) Precipitation—A rubber stopper, through which passes 
the delivery tube from a source of supply of hydrogen sulphide, 
is loosely placed in the neck of the flask and a moderately rapid 
stream of gas allowed to pass through the hot liquid. When the 
precipitation of the zinc as sulphide is well under way, the stopper 
is pushed in tightly. Absorption of the gas ceases when all the 
zinc is precipitated; the precipitate settles quickly, and the gas 
pressure rises rapidly when the operation is completed. When 
several precipitations are to be made at the same time, the flasks 
are arranged in succession in the usual manner and the first is 
removed when the precipitation is well started in the third, and 
so on, changing the gas connections as required. The outlet from 
the last flask is not closed until the precipitation is partially com- 

‘pleted therein. Numerous experiments have shown that zinc can 
be completely precipitated and separated from iron, manganese 
and alumina under the conditions named, by the passage of only 
a very little more than the amount of hydrogen sulphide theoreti- 
cally required. The use of a large excess is therefore unnecessary 
and is also undesirable. 


VOLUMETRIC DETERMINATION OF ZINC. 27 


(5) Treatment of the Precipitate—When the preceding opera- 
tions have been properly performed, the precipitated zinc sulphide 
will be pure white, pulverulent and very easily filtered and 
washed. Hot water only need be used for washing, no zinc will 
dissolve, or pass through the filter, as is the case with the slimy 
zinc hydrosulphide precipitated from cold solutions in the usual 
manner. Pour the contents of the flask upon a filter at once and 
wash with hot water. Spread the filter with its contents upon a 
large watch-glass or on the inner wall of a capacious beaker, and 
wash the precipitate into the bottom of the beaker by a jet of hot 
water. Wash the precipitating-flask and the lower end of the 
gas delivery tube with 10 cc. of strong hydrochloric acid, followed 
by hot water, pouring the acid and washings successively over the 
washed filter on to the precipitate in the beaker. When the 
volume of the acid solution has reached 125 to 130 cc., the solu- 
tion is warmed gently to dissolve the zinc sulphide completely. 

When cadcium is also present (7. e., when the reduction has been 
effected by metallic iron) the zinc sulphide will dissolve com- 
pletely before any cadmium sulphide is dissolved. By practice 
and experience, the point when all the zinc is dissolved and only 
the brilliant yellow cadmium sulphide remains, can easily be dis- 
tinguished. The solution is then further diluted with an equal 
volume of hydrogen sulphide water, allowed to settle and the 
cadmium sulphide filtered off and estimated in the usual way by 
warming with acid ferric sulphate and titrating with perman- 
ganate. The iron equivalent of the permanganate used multi- 
plied by 1.003 equals the cadmium. Properly performed, the re- 
sult is accurate. 

Ihe solution of zine sulphide in dilute hydrochloric acid is 
heated to 60° or more, made up to 200 or 250 cc. with hot water, 
a little ammonium chloride added, and it is ready for titration 
with ferrocyanide. 

The method of separating zinc by hydrogen sulphide from 
nickel, cobalt and manganese, recommended by Fresenius,’ is not 
applicable when iron is present, as iron is thrown down by hydro- 
gen sulphide in the presence of sodium acetate. 

Modification (c). For Low-grade Zinc Ores, Slags, Furnace 
Residues, etc., and for all purposes wherein it is required to deter- 
mine small amounts of zine with accuracy. 


1 American edition, Sec. 160, pp. 74 and 75. 
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Proceed exactly according to the method just described untll 
the zinc sulphide precipitate has been washed, then, instead of dis- 
solving the precipitate, dry and ignite it carefully in a clean muffle 
without separating it from the paper. No loss of zinc will occur, 
nor will basic sulphate be formed, if the wet precipitate is ignited 
at the mouth of the muffle until the paper is consumed, and the 
oxidation of the residue is then conducted at a low temperature 
(about 450°) until at the last, when it may be moved back to 
where the temperature is near the melting-point of silver. As 
much as 0.15 gram of zinc sulphide can be completely oxidized 
in this way in forty to sixty minutes. The calcination may be 
effected in a smooth shallow scorifier an inch-and a half in diam- 
eter, from which the calcined oxide can be brushed into the scale 
pan without appreciable loss. 

Lime and magnesia can be determined in the ammoniacal solu- 
tion of zinc obtained after iron and alumina have been separated, 
according to the first of the above methods or its modifications, 
provided it is made very strongly ammoniacal, then heated to 
boiling before the addition of ammonium oxalate to precipitate 
the lime. The solution of ammonium oxalate should also be 
boiling when added to the zinc solution. Enough of the oxalate 
must be added to convert the zinc and magnesia to oxalates, as 
well as to combine with the lime: I part zinc requires 1.0447 
parts ammonium oxalate; I part magnesium oxide, 3.9794 parts 
ammonium oxalate; I part calcium oxide, 2.8607 parts ammonium 
oxalate. 

The filtrate from the calcium oxalate is then to be cooled and 
treated in the usual manner with phosphate to precipitate mag- 
nesia. No zinc will be thrown down, if sufficient ammonia and 
ammonium chloride are present. The zinc in the filtrate cannot 
be determined by titration, but must be precipitated as sulphide; 
or as phosphate, by rendering the cold solution slightly acid with 
sulphuric or hydrochloric acid, adding a large excess of ammo- 
nium sodium hydrogen phosphate, neutralizing very. carefully 
with ammonia drop by drop, adding a drop or two additional, 
then about 1 cc. of acetic acid and warming gently until the 
flocculent precipitate of ZnNH,PO, + H,O has settled completely 
as a dense crystalline powder, which, after washing with hot 
water, may be dried at 100°-105° and weighed as ZnNH,PO, 
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containing 37.28 per cent. Zn,’ but the better way is to ignite and 
weigh as Zn,P,O,, containing 42.77 per cent. Zn. In this case 
the filter-paper should be burned first to ash, then the ash and 
dried precipitate ignited gently at first, then for a few minutes 
at a bright red heat. 

The flocculent ZnNH,PO, + H.O is very soluble in the min- 
eral acids as well as in ammonia, but after crystallization it is 
much less soluble in the latter. It is only slightly soluble in acetic 
acid; an excess of I cc. in 100 cc. of solution does not dissolve an 
appreciable quantity. It is somewhat soluble in all ammonium 
salts, if only a small excess of phosphate is present. The addition 
of 1 cc. of a 10 per cent. solution of sodium ammonium phosphate 
for each 0.005 gram of zinc is sufficient to entirely prevent its 
solution in ammonium chloride or sulphate, or in the acetate, un- 
less the latter is present in enormous quantity. It is, however, al- 
ways slightly soluble in the oxalate. Therefore, for very accurate 
work, lime and magnesia, if present in the zinc solution, are pref- 
erably separated together as phosphates, after adding a large 
excess of ammonia and reprecipitating ; then the combined filtrates 
are to be slightly acidulated and proceeded with as above. The 
crystalline zinc ammonium phosphate is quite insoluble in hot or 
cold water. 

For this elegant and accurate, but too little known, method I 
am indebted to Mr. Geo. C. Stone, who has carefully worked out 
its details, including the properties of the precipitate. Hundreds 
of filtrates from zinc phosphate, separated as described, have been 
tested by him with ammonium sulphide, without showing zinc. 


THE ORGANIC MATTER IN SOILS AND SUBSOILS. 


By F. K. CAMERON AND J. F. BREAZEALE. 


Received September 16, 1903. 
INTRODUCTION. 

es ; ; ; P 

THE relative amount of organic matter in a soil or subsoil has 
long been regarded as an important characteristic. Popularly, 
and with some reason, it has been generally held to furnish an 
indication of the fertility of a soil. It has a real importance, since 
it affects the texture or structure and water-holding capacity of 


1 It can also be accurately titrated with ferrocyanide after solution in hydrochloric 
acid with addition of ammonium chloride. Also, according to P. H. Walker (This Journal, 
23, 468), its zinc content may be determined alkalimetrically. 
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the soil, serves, in part at least, as a carrier of plant food, and 
also serves as a host medium for various organisms essential to 
the soil’s fertility. 

It has long been recognized, moreover, that the exact determina- 
tion of the organic matter in a soil sample is exceedingly difficult, 
taxing the skill and ingenuity of analysts to the utmost. Never- 
theless, so important has this determination been regarded that 
many experiments have been made to find either a ready method 
for making it, or at least one which would yield a conventional 
result, and which might safely be regarded as an approximation 
of the truth. 

To this end, three general methods have found favor: 

I. The “loss on ignition’”’ method. 

II. The humus method. 

III. The combustion method. 

The first, or “loss on ignition” method, has probably been the 
most used. It consists essentially in burning out the organic 
matter in a sample previously dried or freed from hydroscopic 
moisture, and taking the difference in weight before and after 
ignition as the weight of organic matter originally present. The 
method is a rapid one, and easily manipulated, but is open to the 
serious objection that the high temperature generally required to 
effect a thorough combustion of the organic matter is sufficient 
to drive off from the sample much water, either of “crystalliza- 
tion,” or of “constitution.” In fact, a considerable number of 
the minerals to be found in most soils contain hydrogen as an 
essential constituent, and yield water, on severe ignition, which 
is not replaced by the subsequent treatment with the ammonium 
carbonate solution or moist carbon dioxide. The amount of water 
thus eliminated frequently exceeds the amount of organic matter 
actually present, as is strikingly illustrated by the figures given 
in Table III. Moreover, as will be brought out more fully at 
another point, a by no means negligible amount of carbon dioxide, 
other than that combined as carbonates of the alkaline earths, is 
frequently eliminated by severe ignition, and not replaced by the 
subsequent recarbonation method. 

The second method is based upon the well-known views of 
Grandeau as to the importance of the matiére noiré or humus in 
the soil. It makes no pretense of giving the total amount of 
organic matter present, even excepting undecayed twigs, roots, 
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and other obviously irrelevant substances. To this method, it 
may be objected that it is not generally agreed that the humus 
thus estimated is the only part of the organic matter valuable in 
a soil. And further, the ammonia solutions generally used very 
thoroughly break up the flocculation of the clay particles in the 
soil, so that a considerable amount of this mineral material is, of 
necessity, withdrawn and dried with the humus. On ignition, 
if it is necessary to raise the temperature materially, a large error 
may be introduced by loss of water from the clay, which is esti- 
mated as part of the humus.’ 

The third or combustion method consists in burning the organic 
matter, either in a tube with a combustion furnace, or by power- 
ful oxidizing agencies, such as chromic acid or potassium per- 
manganate, collecting and determining the carbon dioxide liber- 
ated by some appropriate mechanism, and then computing the 
organic matter from the carbon dioxide found by means of a con- 
ventional factor: The most obvious objection which may be 
urged against these combustion methods is in the use of this 
factor. On the authority of Wolf, van Bemmelen and Wollny,? 
the most popular usage is to multiply the amount of carbon 
dioxide found by the factor 0.471. This factor seems to be based 
on the assumption made as a result of Wollny’s well-known in- 
vestigations that the percentage of carbon in the organic matter, 
or rather humus of the soil, varies but little from 56 per cent. 
Wiley, however, states that it may vary between the wide limits, 
42 and 72 per cent. An investigation of this point with typical 
soils of the United States will be described at another place in 
this paper. 

COMPARISON OF THE ORGANIC MATTER IN SOILS AND SUBSOILS. 


For certain lines of work being carried on in this Bureau, it is 
desirable to have accurate determinations of the organic matter 
in soils and subsoils. It has been the practice here to make deter- 
minations of the loss on ignition for this purpose. While this 
practice has long been felt to be far from satisfactory, it has be- 
come especially so recently, when it was found that the results 
thus obtained must, in many cases, be very misleading, and un- 


1 In this connection, see Frear: Bull. 67, Bureau of Chemistry, U.S. Department of 


Agriculture, p. 40. 
2 Wiley’s “Principles and Practice of Agricultural Chemical Analysis,’’ Vol. I. A 


complete historical account of this subject will be found in the work cited. 


178 


we 


>: 
= | 








32 F. K. CAMERON AND J. F. BREAZEALE. 


suited even for comparative purposes. In the course of the field 
work of 1900, there were eighty-four cases submitted to the 
laboratory in which the organic matter or loss on ignition was 
desired in both soil and corresponding subsoil. In thirty-two 
of these cases, the loss on ignition method showed larger figures 
for the subsoils than for the corresponding soils, and often very 
much larger figures. It was obviously certain, in some of these 
cases, that the figures obtained could not give a true comparison 
between the soil and subsoil. Inspection did not show that this 
peculiarity belonged to any particular class of soils, nor did their 
physical characteristics throw any light upon it. The problem 
was then referred to the laboratory, and it was determined to 
compare the various methods which have been suggested, not 
only as to the probability of organic matter predominating in the 
soil or subsoil, but to obtain a procedure which would lead to 
more satisfactory results and, at the same time, be sufficiently 
rapid to meet the considerable volume of such work incident to 
the Bureau’s investigations. 


SAMPLES SELECTED FOR INVESTIGATION. 


For this purpose three soils and their corresponding subsoils 
were selected. They were taken somewhat at random, except for 
the one condition that the subsoils selected had yielded larger 
results than the corresponding soils in earlier determinations of 
the loss on ignition. Determinations of the total nitrogen in these 
samples by the well-known Kjeldahl method were made, but in 
no case were quantities found sufficiently large to make it neces- 
sary to guard against nitrogen in the operations to be described. 
The amounts of carbon dioxide liberated by dilute sulphuric acid 
were also determined, and, when necessary, have been allowed 
for in the data given in this paper. The amounts of carbon diox- 
ide thus liberated by dilute acid in these particular soils are so 
small that it was not considered necessary to remove this sub- 
stance before proceeding with certain of the operations to be 
presently described. In the case of samples containing much 
carbonates of the alkalies or alkaline earths, it might be found 
desirable to follow the suggestion of Manning’? and treat the 
moistened sample with sulphurous acid before proceeding to a 
determination of the organic matter, although other procedures 


1 Vide Wiley, Loc. cit., p. 321. 
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also suggest themselves, which, for some conditions, are probably 
more advisable. 

Brief descriptions of the samples used in this investigation, to- 
gether with the amounts of total nitrogen, and carbon dioxide 
liberated by dilute acid, are brought together in Table I. 


TABLE I.—DESCRIPTION OF SOILS AND SUBSOILS WITH PERCENTAGES OF 
COMBINED CARBON DIOXIDE AND TOTAL NITROGEN. 


Carbon 
dioxide Total 
Sample. combined. nitrogen. 
No. Description. Depth. Percent. Percent. 
4248 Conowingo clay, east of Pilot, Md.. o”— 8” 0.10 0.08 
4249 8”-48” 0.17 0.12 
5223 Cecil sandy loam, 2!/, miles south of 
Raleigh, N. C.-+eeee seeeee cers o/- 8” 0.00 0.08 
5224 87-36” 0.02 0.06 
5861 Cecil clay, 1'/, miles north of Ra- 
leigh, N. C.eeeee eee ceeeeeeee o”— 6” 0.06 0.10 
5862 6-36” 0.06 0.04 


COMPARISON OF RESULTS BY VARIOUS METHODS. 
In Table II are given the results of the determinations of or- 
ganic matter made in the several ways indicated. 


TABLE II.—COMPARISON OF ORGANIC MATTER, Humus, AND LOSS ON 


IGNITION. 
Humus, Humus, Combustion, Combustion, 
Loss on official using in tube, wet way, 
Sample ignition. methed. pump. COs X 0.471. COs X 0.471. 
No. Per cent. Per cent. Per cent. Per cent. Per cent. 
4248 3.92 B27 0.47 0.87 0.67 
4249 6.67 1.40 0.70 0.97 0.74 
5223 3.58 1.30 0.70 2.26 1.75 
5224 7.63 3.45 0.30 1.47 0.68 
5861 6.76 2.05 0.90 2.54 2.18 
5862 11.98 2.80 0.15 0.98 0.38 


The results given under “loss on ignition” were obtained by 
heating the test samples in a muffle furnace at a temperature of 
about 800° C., using platinum dishes, and recarbonating by put- 
ting the moistened soils in a chamber filled with carbon dioxide 
under a pressure of three atmospheres. It has frequently been 
found necessary to resort to such high temperatures in order to 
secure complete combustion of the organic matter, but an element 
of importance is sometimes involved, for in certain soils some 
iron is apparently reduced to the metallic condition, and then 
amalgamates with the platinum dishes. In several instances, 
serious damage has been done in this way, and a word of caution 
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is deemed worth while in this connection. When the results ob- 
tained by this method are compared with those given in the other 
columns, two points immediately strike the attention. First, they 
are all remarkably high, and if the other methods give any true 
index of the organic matter present, results by this method may 
obviously give entirely untrustworthy notions as to the composi- 
tion of the samples. The second point is that in these particular 
cases the subsoils invariably yielded higher figures than the soils. 
This point will be discussed more fully at another place, but it is 
of importance here to point out that it does not give a true index 
of the relative amounts of organic matter in the soils and sub- 
soils respectively, and this fact is thus another valid and important 
objection to the use of the method. 

In the next column are given the results for humus obtained 
by the method of the Association of Official Agricultural Chem- 
ists. The figures, while very much lower than those in the 
column headed “loss on ignition,’ nevertheless show the same 
result, that the subsoils contain more organic matter or humus 
than the corresponding soils. But it was found in the course of 
these determinations that it was practically impossible to precipi- 
tate the fine sediment and clay, the flocculation of which was 
destroyed by the ammonia solution. Therefore, portions of the 
ammonia extracts were filtered through the porcelain tube of a 
Pasteur-Chamberland filter, by means of a simple arrangement 
of a Bunsen filter flask and a good water aspirator. Proper pre- 
cautions were, of course, taken to have no contact of the solution 
with rubber connections and discard first runnings from the filter- 
tube, etc. It is not certain that some of the dissolved humus may 
not have been absorbed or otherwise removed from the solution 
by this procedure, but we had no evidence that such was the 
case, and believe that any error from this source must have been 
relatively small. Humus determinations on aliquot portions of 
the clear solutions thus obtained were carefully made, and the re- 
sults are given in the table. In every case they are much smaller 
than when the official method was followed literally, and the 
conclusion seems inevitable that the higher values were occa- 
sioned by the loss of water or volatile materials other than humus, 
in the ignition of the clay and sediment obtained on drying the 
ammonia solution extracts. Another point is that in this last 
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column of figures we no longer find higher values for the subsoils 
than for the corresponding soils, except in the first pair. Since 
these results were believed to give a more accurate idea of the 
constitution of the soils than those previously described, but could 
not be regarded as satisfactorily giving quantitative ideas as to 
the whole amounts of organic matter present, and in view of the 
well-known wide divergence of opinion as to the value of humus 
determinations, it was decided to investigate the soils by the com- 
bustion method. Moreover, humus determinations are, at the 
best, tedious to make, especially if recourse must be had to the 
filter, and as it is very desirable in our work to make annually a 
very large number of determinations of the organic matter in 
soils, it was the more desirable to see what could be done with 
a combustion method. We first employed the regular method 
of burning the soil in a tube in a combustion furnace. The sam- 
ple, which was generally about 2 grams in weight, was mixed 
with several times this weight of well-pulverized black oxide of 
copper, and the two thoroughly incorporated by grinding and 
stirring in an agate mortar. The usual precautions were observed 
in the burning, sweeping out the last traces of carbon dioxide 
from the tube, making weighings, etc. It was not deemed worth 
while to put in a guard for nitrogen or chlorides. The figures 
given in Table II are averages of duplicate determinations. Here 
again the Conowingo clay appears to contain more organic matter 
in the subsoil than in the soil, but the reverse is the case with the 
other soils examined. It is worthy of note also, that in the major- 
ity of cases the figures found are less than those obtained for 
humus by the official method, but are greater in every case than 
the corresponding figures for humus obtained when the filter was 
used. 

Two objections to this method became patent in its use. It is 
obviously a matter of extreme difficulty and uncertainty to get 
a fair sample of soil of as small a weight as 2 grams. Larger 
quantities than this could not be advantageously handled in a 
combustion tube, however, and no other reliable form of apparatus 
suggested itself. Again, a combustion in a tube is necessarily a 
slow process, and much time which the operator cannot employ 
otherwise to advantage, is lost in the gradual heating and cooling 
of the tube necessary for its satisfactory use. A possible third 
objection, which we believe from our work has an actual exist- 
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ence, is the liberation of carbon dioxide other than that combined 
as carbonates of the alkaline earths, or formed in the combustion 
of the organic matter. This point will be more fully discussed 
presently. 

THE CHROMIC ACID METHOD. 

From the facts just presented, it was deemed advisable to study 
other methods. Two wet methods suggest themselves, oxidation 
with chromic acid or with potassium permanganate. Both of 
these methods have been tried to some extent.' The chromic acid 
method presents the lesser amount of manipulation, fewer analyt- 
ical difficulties, and would seem to be more certain in its oxida- 
tion of the organic matter. Therefore, it alone was used in this 
investigation. The combustion was effected in a round-bottomed 
flask of about 400 cc. capacity, fitted with a 3-hole rubber stopper. 
The stopper was fitted with a dropping funnel, a tube for the in- 
troduction of air previously freed from carbon dioxide, and a 
tube leading through a condenser to a train of absorption bulbs. 
This train contained, first, a Peligot tube containing a saturated 
and slightly acidified solution of silver sulphate to absorb both 
hydrochloric acid and sulphur tri- or dioxide should they be gener- 
ated; then a guard tube containing concentrated sulphuric acid, 
followed by a potash bulb and acid bulb to be weighed with the 
potash bulb. The whole apparatus was attached to an aspirator 
so that air free from carbon dioxide could be drawn through the 
combustion flask and train. The procedure is as follows: 

A sample of the soil, usually about 10 grams, is carefully 
weighed and brought into the combustion flask. If the sample 
be rich in organic matter, it has been found advisable to intro- 
duce also some sand, previously ignited before the blast, and in 
an amount dependent roughly upon the apparent quantity of or- 
ganic matter in the soil. From 5 to 10 grams of pulverized 
potassium bichromate are then added, and the whole mixed 
thoroughly by shaking, care being taken to prevent any 
of the mixture adhering to the sides of the flask, above the level 
of the mixture. The flask is closed securely by the stopper, and 
a gentle stream of air drawn through the whole apparatus by 
means of the aspirator. When this stream of air has been passing 
for about ten minutes, concentrated sulphuric acid (sp. gr. about 
1.83) is slowly and cautiously run in by means of the dropping 


’ Wiley’s “Principles and Practice of Agricultural Chemical Analysis,’’ Vol. I, p. 316. 
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funnel until the tip of the glass tube, for the introduction of air, 
is covered. When this point has been reached, and if no very 
vigorous action is taking place, the combination flask is slowly 
heated until the sulphuric acid commences to give off fumes. It 
is held at this temperature for from five to ten minutes, and then 
allowed to cool slowly, unless there is reason to believe combus- 
tion has not been complete, in which case the temperature is 
again raised. Care must be exercised to see that a steady current 
of air be kept passing through the apparatus, and that the mix- 
ture in the flask be not forced back towards the wash-bottles. If 
necessary, quite a rapid stream can be drawn through the ab- 
sorption bulbs without much risk of losing the determination. 
It is advisable to have the bulb of the dropping tube empty, before 
commencing the heating, so that the tube can be quickly opened. 
In over four hundred experiments with this method the flask 
broke but once, and then the dropping-funnel could not be opened 
because it contained a quantity of sulphuric acid. A sudden 
large increase of pressure was generated in the flask, owing to 
faulty manipulation. The dangerous character of such an acci- 
dent is sufficiently obvious, but with ordinary care, liability of its 
occurrence is extremely small. 


MODIFICATIONS FOR SOILS CONTAINING CHLORIDES AND 
CARBONATES. 

In many soils from arid, semi-arid, or marshy areas, there is a 
considerable content of chlorides. By following the procedure 
just described with these soils, chlorine gas may be generated, 
which would be collected in the potash bulbs, forming a mixture 
of the chloride and hypochlorite in proportions difficult to ac- 
curately estimate, and vitiating any attempt to determine the 
amounts of carbon dioxide absorbed. We have made a number 
of attempts to get around this difficulty, and have found that it 
can be met quite simply. If the bichromate of potash be not 
mixed with the sample before running in the concentrated sul- 
phuric acid, but be dissolved in the acid itself and the solution be 
slowly and cautiously run in upon the soil, with no attempt to 
heat the mixture until the reaction in the flask has proceeded 
for some time, no hydrochloric acid, chlorine, nor chromyl! chlo- 
ride gas is generated, or in but very small amounts. The pro- 
cedure thus modified has been used a large number of times with 
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artificial mixtures and natural soils, and has proved satisfactory, 
although no explanation is obvious why hydrochloric acid should 
not be formed and oxidized under these conditions. We can only 
say that, although we discovered the fact empirically, we have 
thoroughly tested it with the most gratifying results for the 
method. 

When the amount of chlorides is relatively large, it has some- 
times been found desirable to treat the sample with a small volume 
of dilute sulphuric acid, adding more acid in small quantities from 
time to time, if necessary, to digest on the steam-bath until the 
major part of the hydrochloric acid has been removed, and to 
evaporate as much of the water remaining as can be done without 
permitting a noticeable action of the solution upon the organic 
matter. The combustion is then carried out as above described. 

With soils which contain carbonates of the alkalies or alkaline 
earths, it would probably be found satisfactory, as indicated 
above, to first treat with sulphurous acid to decompose the car- 
bonates, and drive out the carbon dioxide, without oxidizing the 
organic matter and then to get rid of the water and sulphurous 
acid by evaporating to dryness before proceeding with com- 
bustion. 

This method presents, however, a number of difficult manipu- 
lations, and requires a great deal of time. It has been found, in 
the experience of this laboratory, much more convenient to make 
a separate determination of the carbon dioxide liberated from 
carbonates, by treating a separate sample of the soil with dilute 
sulphuric acid (1:6 by volume), and subtracting the amount thus 
found from the totai obtained in the combustion. While this 
method is not entirely free from objections for very accurate 
work, it does unquestionably lead to values with all the accuracy 
necessary for most purposes to which the determination of the 
organic matter in a soil is applicable. 


TABLE III.—WET COMBUSTION OF KNOWN ORGANIC SUBSTANCES. 


Carbon 
Weight dioxide Weight 
taken. found. found. Per cent. 
Substance. Formula. Gram. Gram. Gram. recovered. 
Sugar, CHO: <0 +s e000 0.5026 0.7669 0.4984 99.16 
: 0.4465 0.6865 0.4462 99.94 
Cellulose, Cj, Hy Ojo -++++ +++ 0.4300 0.6633 0.4073 94.7 
0.4232 0.6272 0.3849 90.9 
0.4135 0.6255 0.3840 92.8 
0.3714 0.5680 0.3487 93.9 
0.3430 0.5205 0.3192 93.0 
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Carbon 
Weight dioxide Weight 
taken. found. found. Per cent. 
Substance, Formula. Gram. Gram. Gram. recovered. 


Urea, CH,N,O «++.++.22206++ 0.7858 0.5590 0.7636 97-17 
0.7090 0.4990 0.6816 96.14 


Asparagine, C,H,N,O;.H,O -- 0.5035 0.5945 0.5071 100.71 
0.4704 0.5600 0.4776 101.53 
Sulphanilic acid, C,H;NSO,-- 0.4080 0.6220 0.4080 100.0 
0.2115 0.3201 0.2100 99.29 


TEST OF THE CHROMIC ACID METHOD WITH KNOWN ORGANIC 
SUBSTANCES. 

Objection has been urged to the method, that it does not, or 
at least may not, give accurate results, because some organic sub- 
stances are not completely oxidized by the chromic acid mixture. 
With some organic compounds and with the chromic acid mix- 
ture as generally used, 7. e., containing one or more parts of water 
to every three of sulphuric acid, this is unquestionably true, even 
when the temperature is raised considerably. But when the pro- 
cedure is followed, in which only a minimum of water is 
present, derived from the hydroscopic water in the soil, from the 
bichromate used, and the product of combustion, it is not be- 
lieved such an error enters. To test this point, various organic 
substances of widely different characteristics were burned ac- 
cording to the method just described. In order to distribute the 
acid mixture, the substance under examination and the bichro- 
mate of potash were shaken up with from Io to 15 grams of 
ignited sand, after being introduced into the flask. The results 
are given in Table [II. While in some instances, certainly, these 
results cannot be considered as entirely satisfactory determina- 
tions when compared with the standard obtainable by the regular 
method of burning in a tube, they do show that very fair results 
are obtained, and that there is no reason to expect such phe- 
nominally low results as have been reported by other analysts 
when employing a wet combustion. Sulphanilic acid, for instance, 
when treated with the chromic acid mixture as commonly used, 
as is well known, is largely converted into quinone, but no diffi- 
culty was experienced in burning it completely, with such satis- 
factory results, as the figures in the table show. 

The cellulose used was a sample of “double washed, ashless” 
filter-paper. ‘The values obtained with this substance, as shown 
in the last column of the table, were so low that two combustions 
of it were made in the tube in the regular way, with the result 
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that 96.9 per cent. and 96 per cent. of the amounts taken were 
recovered as calculated from the weights of carbon dioxide ob- 
tained. Evidently this particular substance we had was not well 
chosen as a representative sample of cellulose, and the figures 
given in the table are actually better than they appear, though 
showing an undoubted tendency to run low. 

The sample of urea used had been standing a long time in the 
laboratory. A small portion was recrystallized, and this product 
gave a much more satisfactory figure for the single combustion 
of it which was made; but it was believed to be more satisfactory 
to give the two results from the original sample as showing that 
the method would give concordant results, especially as we had 
other results for nitrogenous compounds which showed that the 
method could be relied upon for this class of substances. 


COMPARISON OF COMBUSTIONS BY THE TUBE AND CHROMIC ACID 
METHODS. 

Combustions of the soils were then made. The averages from 
the determinations are given in Table II for the sake of making 
a more ready comparison with the other data found. The results 
of the individual determinations, together with those made in the 
tube are, however, presented in Table IV. 

It should be observed, however, that the results as stated are in 
terms of percentages of organic matter and consequently involved 
the use of the factor 0.471, whereby the discrepancies are made 
to appear less than half of those actually obtained in percentages 
of carbon dioxide. 


TABLE IV.—COMPARISON OF WET AND DRY COMBUSTIONS OF ORGANIC 
MATTER IN SOILS. 








Sample. In tube. Wet way. 

No. ————-~- < 

4248 0.79 0.94 0.66 0.69 0.65 
4249 0.97 tee 0.68 0.79 

5223 2.15 2.36 1.72 1.79 

5224 1.47 sete 0.73 0.62 

5861 2.50 2.57 2.16 2.19 

5862 0.98 cree 0.37 0.38 0.39 


It will be observed that, on the whole, better agreements were 
obtained by the combustions in the wet way; but, as found by 
analysts who have worked upon this subject, the wet way leads 
uniformly to lower results than the combustions in the tube. 
Combustions in the tube in the hands of competent analysts have 
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come to be regarded as almost absolute, and therefore great dis- 
credit has hitherto been cast upon combustions of soils made in 
the wet way. This appears to be unjust to the latter method, 
for the high temperature attained in the combustion tube may be 
expected to drive out some carbon dioxide, not derived from the 
oxidation of the organic matter. Ever since the classical work 
of Bunsen, the difficulty of getting rid of absorbed carbon dioxide 
except at very high temperatures, has been recognized. The 
minute cracks and fissures in the small rock and mineral frag- 
ments which go to make up a soil are known to contain, fre- 
quently, small amounts of carbon dioxide, which are much more 
likely to be given off in the highly heated combustion tube than 
in the wet combustion. But probably more important is the car- 
bon dioxide combined with the iron compounds, prevalent in most 
soils. It will be admitted at once that the existence of irom car- 
bonates or hydrated carbonates in the soil has, so far as we are 
aware, never been satisfactorily demonstrated, and that the weight 
of mineralogical evidence is rather against it. That carbon diox- 
ide plays a tremendous role in the solution, transportation and 
redeposition of iron in the soil, can be scarcely doubted by any 
one who has given consideration to the subject. That some car- 
bon dioxide would be held by these compounds, either mechani- 
cally occluded or actually in chemical combination, seems alto- 
gether probable. Such amounts of carbon dioxide would be ex- 
pected to be liberated readily in the combustion tube, but not at 
all or not so readily in the wet method. The carbonates of iron 
are either not readily attacked by concentrated sulphuric acid, or 
only on prolonged boiling, and the mechanically held carbon 
dioxide would naturally be expelled much less readily in this 
medium than in the highly heated tube. To test this point, the 
soils were first burnt in the wet way. They were then filtered 
as rapidly as possible in Gooch crucibles, fitted with mats made 
from asbestos fibers, which had been thoroughly ignited before 
the blast-lamp. They were then washed free from sulphuric acid, 
as rapidly as possible, by successive small portions of distilled 
water. Examining by a powerful magnifying glass, in no case 
could any traces of organic substances be found in the residues. 
The residues were then dried at 110°-120° C., placed in a com- 
bustion tube and burned in the usual way, proper care being 
taken, of course, to free the apparatus from carbon dioxide before 
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commencing the burning. A portion of the original sample in each 
case was taken for a combustion in the tube in the usual manner. 
The results of this work, calculated as percentage of organic 
matter in the soil, using the factor 0.471, are given in Table V. 


TABLE V. 


Combustion Combustion 


Sample. with of residue Combustion 
No. chromic acid. in tube. Sum. in tube. Difference. 
4248 0.69 0.24 0.93 0.94 -+0.01 
4249 0.79 0.17 0.96 0.97 -O,01 
5223 1.71 0.42 2.13 2.15 -+0.02 
5224 9.73 0.49 1.22 1.46 +0.24 
5861 2.19 0.20 2.39 2.49 +0o0.10 
5862 0.39 0.37 0.76 0.97 -++-0,2I 


In every case, the combustion of the residue from treatment 
in the wet way gave a surprisingly large increase. Taking the 
figures obtained as a whole, the idea seems to be amply confirmed 
that the combustion in the tube does yield a large amount of 
carbon dioxide not derived from the burning of the organic mat- 
ter. The amounts obtained on the recombustions are certainly 
astonishing when one considers the relatively small amounts of 
carbon dioxide obtained from these soils by digestion in dilute 
acid as given in Table I. That the gas, which is thus given off 
and collected in the potash bulbs, could be anything else than 
carbon dioxide, does not seem possible. 


PERCENTAGE OF CARBON IN THE HUMUS OF AMERICAN SOILS. 


In view of the conflicting statements which exist as to the 
amount of carbon contained in the humus of soils, and the wide 
variation in the figures given for this amount, it was deemed 
advisable to make some investigation on this point with special 
reference to American soils. 

There was available for this purpose a collection of typical 
agricultural soils prepared by the Bureau for the purposes of 
comparison, illustration and instruction. The humus was ob- 
tained from these soils in the usual way, treating them with hy- 
drochloric acid, removing all traces of chlorides by washing with 
water and then extracting with 3 per cent. ammonia solution. In 
the vast majority of cases, the ammoniacal extract which could be 
decanted from the residue of soil, contained so much suspended 
material that it was impracticable to work upon it. Therefore it 
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was put through a Chamberland-Pasteur filter by which means a 
perfectly clear solution was obtained free from clay and other 
suspended material. An aliquot part of this solution was then 
placed in a weighed platinum dish, carried to dryness on the 
water-bath and desiccation completed by placing the dish in the 
hot air oven at 105° until constant weight was obtained. The 
differences between the two weights thus obtained are given 
in the second column of Table VI. The residue was ignited 
carefully until all signs of the presence of organic matter had 
disappeared, and the dish was again weighed, by which means it 
was possible to obtain the ash from the humus extract which in 
all cases was found to be considerable. In the third column of the 
table are given the percentages of the humus in the soils corrected 
for the ash residues which were obtained. These figures, there- 
fore, represent presumably only the organic matter of the humus. 
TABLE VI.—PERCENTAGE OF HUMUS AND CARBON IN HuMUs OF TYPICAL 
SOILS OF THE UNITED STATES. 


Sample Per cent. of Per cent. Per cent. of 
No. humus, filtrate. of humus. carbon in humus. 
6552 0.77 0.41 43.10 
2806 0.34 0.19 37.20 
3994 0.86 0.63 40.65 
3964 0.48 0.35 44.10 
4032 0.61 0.46 46.21 
4000 12.18 11.08 48.10 
2809 0.39 0.09 40.31 
6035 2.33 2.05 49.22 
6550 0.20 0.09 44.00 
3966 1.66 1.30 8.61 
6548 0.36 0.16 43.46 
3959 0.39 0.32 33-30 

86 0.58 0.37 34.91 
6551 0.26 0.08 33-30 
3956 0.59 0.47 50.09 
3663 1.07 0.26 44.30 
2808 0.54 0.28 36.22 
2791 0.32 0.18 37-41 
6547 0.23 0.14 39.20 


Another portion of the ammoniacal filtrate was carried to dry- 
ness and the residue was then taken for the combustion analysis. 
Combustions of these residues were made both in the tube by the 
usual method and also by the wet method described in this paper, 
with satisfactory agreement. ‘The percentages of carbon in the 
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humus obtained from these combustions and corrected for the ash, 
are given in the last column of the table. 

It will be seen by an inspection of this table that the percentage 
of carbon in the humus is much lower than the figures usually 
accepted, averaging about 42 per cent. instead of 56 per cent., the 
figure accepted by Wollny, Wolf, von Bemmelen and other author- 
ities. 

This would lead to the use of a much higher factor in the calcu- 
lation of organic matter in the soil than the one employed by these 
investigators and used in this paper, but it does not seem de- 
sirable to advocate this higher factor. While it is probably true, as 
the figures here presented show, that the percentage of carbon in 
the humus is lower than the figure set by the authorities cited, 
nevertheless the amount of humus present in the soil which is 
extracted by ammonia, after treating with hydrochloric acid is by 
no means (in the majority of cases) a very large part of the 
total organic matter present. Furthermore, this organic matter, 
not extracted by the ammonia, is made up largely of cellulose or 
cellulose-like substances in which the percentage of carbon ap- 
proaches closely the figure given by van Bemmelen. 

It is impossible, in the present state of our knowledge, to sug- 
gest a fair average between the factors derived from these vary- 
ing data. Inasmuch as the percentages of carbon in the soil calcu- 
lated by the varying factors do not differ very much from 
one another, or yield differences which cannot be intelli- 
gently interpreted, it seems wisest, on the whole, to retain 
the factor 0.471, insisting that it is a conventional factor, and 
that consequently the organic matter in the soil determined by its 
use cannot be regarded as anything more than an approximation 
to the truth by a purely conventional method. 


THE ASH OR MINERAL CONSTITUENTS OF HUMUS. 


It seems worth while here to call attention to the considerable 
amounts of mineral matter dissolved in the ammoniacal extract, a 
large part of which is probably in organic combination. This 
material is unquestionably in solution, for the filtrates obtained 
after passing from the Chamberland-Pasteur filter are absolutely 
clear and free from suspended solids. 

It is uncertain how much of this mineral material was in combi- 
nation with the dissolved organic matter, but judging from the 
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figures obtained, it seems quite likely that it was largely of this 
nature, and it is interesting in view of the accepted practice of 
treating the soil with hydrochloric acid for the purpose of sepa- 
rating the humus bodies from the mineral constituents before ex- 
tracting with ammonia. 

A number of these ash residues were examined qualitatively, 
and in the majority of cases they were found to be made up 
principally of iron oxides, alumina, and silica. In several cases, 
considerable manganese was present in the ash, but the most 
striking point brought out was that in the case of certain of these 
soils there was unquestionably lime in the ash from the filtrate, in 
spite of the fact that these soils had been carefully extracted with 
dilute hydrochloric acid before treatment with the ammonia solu- 
tion. 

In the case of a residue obtained from soil No. 2809, the ash 
from the ammoniacal filtrate was mainly lime. 


CONCLUSIONS. 

(1) The conclusion seems inevitable that the combustion of a 
soil in the wet way with the chromic acid mixture, as described 
in this paper, will give a more accurate idea of the organic matter 
in the soil than any other method we have seen described. The 
method, moreover, is a fairly rapid one. It is found by consider- 
able experience that such a combustion requires on the average 
about forty minutes for all operations, once the apparatus has 
been assembled, and that one man, working as rapidly as is con- 
sistent with good work, can make six to seven such determinations 
in a working day of seven hours. He can hardly make more than 
two satisfactory determinations in the combustion tube in the same 
length of time, using but one outfit. 

(2) As a result of a large number of determinations, which 
have now been made by the combustion method here described, it 
may be said that the organic matter in a subsoil rarely equals or 
exceeds that contained in the corresponding soil. 

(3) The facts presented here would suggest that the humus 
determination is of even more uncertain value than is usually 
believed. 

(4) There is not sufficient ground as yet for advocating the 
use of any other factor than the usually accepted one for the cal- 
culation of the organic matter from the carbon dioxide obtained in 
the combustion. 
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A STUDY OF PRASEODYMIUM: PREPARATION OF PURE MATE- 
RIAL—PRASEODYMIUM CITRATE.” 


By CHAS. BASKERVILLE AND J. W. TURRENTINE. 


Received November 9, 1903. 
We shall adopt in reporting investigations upon the rare earths 
the plan of succinctly stating in an introductory paragraph the 
facts observed and conclusions arrived at. Those desirous of 
familiarizing themselves with the details may peruse what follows 
at leisure. Perhaps others may care to pursue a similar course. 
No doubt a wider dissemination of the actual results arrived at 
will come about and the labors of abstractors be lessened and more 
accurate. Expediency influenced literary style before the twen- 
tieth century. 


Synopsis. ‘This paper contains a description of a novel method 
for rapidly preparing pure compounds of praseodymium. It 
depends essentially upon saturating a concentrated water solution 
of citric acid with ammonium free praseodymium hydroxide, 
in which the contaminating lanthanum is below 10 per cent. The 
solution is heated, whereby a new normal citrate is immediately 
precipitated and readily washed free from acid. The other pro- 
cedures giving negative results were precipitations by potassium 
iodate, fractioning by hydrofluoric acid, gaseous hydrochloric 
acid, formaldehyde, fusion with potassium pyrosulphate, alka- 
line hydroxides, digestion in concentrated alkaline solutions, fusion 
with sodium peroxide, and attempts to form alums. 


Fairly complete synopses of the observations leading to the 
breaking up of Mosander’s*® didymium into several elements have 
been given in an historical consideration of the rarer earths. To 


1 This and the following dozen or more papers were presented in abstracts in a lec- 
ture delivered before the New York. Section under the title ‘‘ The Rare Earth Crusade, 
what it Portends, Scientifically and Technically.”’ 

2 Presented at the Pittsburg meeting of the American Chemical Society, 1902. 

3 Ann. Chem. (Liebig), 44, 125. 

* Science (N. S.), 17, 772 (1902); see also Dennis and Dales: This Journal, 24, 425 (1902). 
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Dr. Carl Auer without doubt belongs the main credit of renewing 
interest in and stimulating the most modern assaults upon these 
interesting bodies. The former grew out of his patient re- 
search, resulting in the announcement of neo- and praseodymium.? 
The latter was the outcome of his development and the extensive 
use of mantles composed of thorium and its co-geners for arti- 
ficial illumination. The intimate relationship and the reciprocal 
dependence of pure and applied chemistry could not find a better 
illustration. The commercial demand for thorium compounds es- 
pecially has caused extensive mining of and geologic investiga- 
tions for the better known natural compounds, as cerite and 
monazite, and utilization of several others, previously regarded 
as rare curiosities of the mineral cabinet. In the extraction of 
the useful thorium oxide, there have accumulated tons of crude 
salt mixtures of the rarer elements biding a time of commercial 
extraction and utilization. 

The Welsbach Lighting Company, of Gloucester City, N. J., 
through their late chemist, the lamented Dr. Waldron Shap- 
leigh, and his long time associate and successor, Dr. H. S. Miner, 
has aided scientific men frequently in generously loaning prepara- 
tions extracted and often purified to a high degree. This, and 
a number of other researches which follow in this series, have 
been facilitated and rendered possible in certain cases by Mr. 
Miner’s gratuities, and we wish here to express profound thanks. 

During the preparation of pure thorium compounds it was 
noted (by B)? that a concentrated solution of citric acid, saturated 
with thorium hydroxide, precipitated a pure thorium® citrate on 
heating. After destruction of the carbonaceous material and 
re-solution of the thorium oxide, no absorption bands were ob- 
servable with a strong beam of light passing through 15 cm. of 
the concentrated sulphate or chloride. In the preparation of 
thorium tetrachloride to be used in redetermining the atomic mass 
of thorium, a slight red in several cases and a green deposit in 
others (sometimes together) was formed in the hard glass tub2 
several centimeters beyond the boat in which the mixture of car- 
bon and oxide was heated. While the absorption spectrum has 
proved a most valuable means of investigating certain of the 

1 Monatsh. Chem., 6, 477 (1885). 

2 This Journal, 23, 761. 


8 By “pure thorium” is meant the “old thorium” without considering the recent re- 
searches of Schmidt, the Curies, Crookes, Rutherford, Brauner, Baskerville and others. 
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rarer earths, as has been and will be pointed out, it is not as ex- 
tremely delicate as one might wish. Boudouard’ has been able 
to separate small amounts of neodymium from quite pure 
yttrium preparations by repeated fractionations when the material 
had long since failed to show the absorption bands of the former 
complex. Cleve? has observed the same with rather pure sama- 
rium. It has been learned in this laboratory that when quite pure 
neodymium and praseodymium oxides are mixed with carbon and 
heated to a dull red in an atmosphere of chlorine they do not give 
rise to volatile bodies. However, we have learned that praseodym- 
ium chloride, when subjected to a temperature sufficiently high to 
soften combustion tubing, evolved a greenish body.* Matignon* 
has also observed the same in regard to neodymium, when a pink 
colored deposit is formed in the cooler parts of the tube. From 
the color of these bodies, it was immediately assumed that in 
spite of the prolonged and painstaking method of preparation, 
our pure thorium compounds still retained a trace of the con- 
stituents of didymium, which hangs on in other cases. Investi- 
gations were at once begun, therefore to learn the conduct of these 
elements with citric acid, the only novel feature in the method of 
purification not previously tested. 

Before giving the result of those experiments, it may be well to 
state that up to that time the chlorine used had been generated by 
the action of pure concentrated hydrochloric acid upon recrystal- 
lized and granulated potassium dichromate. Subsequently a cyl- 
inder of pure chlorine was substituted with a complete cessation 
of the trouble. These red and green deposits were very small, 
but persisted in forming as long as the chlorine was prepared by 
the chromate method, and finally proved to be due to chromium. 
This was an observation of no little interest, as the chlorine gas 
was thoroughly scrubbed by passing through four wash-bottles 
of concentrated pure sulphuric acid (98 per cent.) and two col- 
umns of beads and one tower of pumice saturated with the same 
desiccating agent before entering the combustion tubing. One is 
immediately reminded of Crookes difficulty in preventing a back 
flow of mercury vapor in evacuating the bulbs for his beautiful 


1 Compt. Rend., 126, 12. 

2 Chem. News, §1, 145. 

8 This will be taken up in one of the subsequent papers. 

4 Chem. News, 84,97; Compt. Rend., 133, 5, and Chem. News, 85, 132. 
5 Loc. ctt. 
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phosphorescence spectra examinations, when he states’ there is 
“no use trusting to a solid reagent to absorb a gaseous body.” 

Praseodymium ammonium nitrate prepared by the method of 
Auer? was converted into the hydroxide and washed by decanta- 
tion until the ammonium salts were virtually removed. Twenty- 
five cc. of a concentrated water solution of citric acid were satu- 
rated with the praseodymium hydroxide by shaking in a glass- 
stoppered bottle; the undissolved hydroxide filtered away and the 
green solution heated. Immediately a pale green amorphous 
precipitate formed, settled upon the bottom of the vessel, was 
easily filtered and washed with hot water. 

Similar experiments were carried out with neodymium and 
lanthanum hydroxides. The former is about one-tenth as sol- 
uble in citric acid as praseodymium hydroxide and is not precipi- 
tated on boiling, until the solution is very concentrated. 


Lanthanum hydroxide is intermediate in its solubility and not 
precipitated at once on boiling. It requires concentration and 
continued heat, although both of these substances allow tough, 
whitish precipitates to form, when a very strong solution is per- 
mitted to stand some days at the temperature of the room. Per- 
haps here we may have to do with such colloidal compounds of 
the rare metals as mentioned by Delafontaine.* This point re- 
quires investigation, however. 


Numerous attempts were made to apply the observations noted 
to separating lanthanum from the didymiums as they occur in 
monazite sand and other rare earth minerals, but with little suc- 
cess. The lanthanum apparently causes a supersaturated solution 
to form, which it is difficult to precipitate by heat ; further, when a 
precipitate forms, it contains all three of the elements* in all 
the fractions obtained. 


The praseodymium ammonium nitrate contained about Io per 
cent. of lanthanum. One precipitation, according to the proce- 
dure mentioned, was sufficient to give a body absolutely free from 
lanthanum, as shown by the arc spectrograph made with a con- 
clave Rowland’s grating, 15,000 lines to the inch and 21 feet 


1 Chem, News, §4, 29. 

2 Monatsh. Chem., 6, 477. 

3 Chem. News, 73, 284. 

4 The term ‘‘element”’ is used advisedly here, although there is no doubt of neodym- 
ium and praeseodymium being ‘complexes,’ as will be shown in later papers. At 
present, however, most chemists look upon these bodies as simple. 
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diameter.t. This was determined frequently with that part of 
the spectrum which shows the strong lanthanum lines. 

Praseodymium Citrate-——The body was prepared on different 
scales, using from a few grams of praseodymium ammonium 
nitrate to as much as 4 kilograms, in one place. The cold citrate 
solution (as much as 5 liters of the solution being used in certain 
experiments) was placed in a tall cylindrical precipitating jar 
and stirred by a water motor while the hydroxide was added to 
complete saturation, the agitation being continued from two to 
four hours. The temperature was kept down by placing the 
jar in running water. The turbid liquid was then quickly filtered 
by upward suction through an unglazed porcelain pear-shaped 
bomb. The beautiful, clear, leek-green solution was heated in 
large Jena glass beakers submerged in baths of boiling water, 
and filtered through a hot funnel, suction being applied at times, 
by means of the biscuit-ware mentioned, a most useful piece of 
apparatus when working on the large scale in the laboratory. 
The precipitate was readily and quickly washed by boiling water, 
in which it is insoluble (the washings being kept separate), until 
the fitrate was no longer acid to litmus. 

The precipitate, when dried, was a loose powder, amorphous, 
of a beautiful pale green color. On analysis the following re- 


sults were obtained: 
Calculated for 


(Pr 140.5) 
Found. Pr(CsH;0;). Pr(C;H;0;).H20. 
Oxide (black). 48.83 48.70 as PrO,, 52.35 49.64 
or or 
as Pr,O., 49.90 48.49 
Carboni :sio:<..%i:s reid rains 21.05 21.18 21.85 20.72 
Hydrogen ..... faa Ssiee 1.46 1.86 1.52 1.44 


REMARKS AND PRECAUTIONS. 


Ammonia prevented the formation of this normal citrate 
in this manner; hence the necessity for thoroughly washing the 
hydroxide. The citrate is soluble in ammonium citrate. So far, 
we have not sought to separate the double salt which is evidently 
formed. 

As is well known, lanthanum hydroxide and in fact most of 
these so-called trivalent rare earth hydroxides combine with the 
carbon dioxide of the air, whereby a partial solution results and 


1 Dr. W. J. Humphreys, of the Rouss Physical Laboratory, University of Virginia, 
kindly prepared these plates, a discussion of which he will publish in due time. 
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an increasing turbidity of the wash-water that is decanted, is 
observed, depending upon the poverty of ammonia and its salts. 
We avoided this by rapid working, making use of the largest un- 
glazed porcelain suction filter made. 

The filtrate from the citrate precipitate was concentrated by 
heat, and successive precipitates formed and were separated. They 
were mealy precipitates, which, on drying, formed light but tough 
masses, each succeeding mass being tougher than the preceding 
and more difficult to disintegrate into a powder. The fifth ap- 
peared in the solution as flocculent agglomerations like paper pulp 
and, on drying, became hard and leathery. The followng pre- 
cipitates presented the same appearance and were almost white 
in color. The change in form and the disappearance of the green 
color were progressive throughout each series that was carried 
out. The percentage of oxide in the bodies correspondingly de- 
creased from 48.83 per cent. to 35.77. The third precipitate 
gave strong lanthanum lines in the arc spectrum. They were 
not further investigated and are hardly worthy of the time neces- 
sary in view of the following facts. 

In attempting to purify praseodymium on the large scale by 
this method, we observed that when the percentage of lanthanum 
rose above twenty no success attended our efforts. By the 
method ot Auer’ a large proportion of the lanthanum is first 
crystallized out as double ammonium nitrate. It has been ob- 
served by Dennis,? Bettendorff* and others that didymium breaks 
up the more readily, accompanied with less frequent forma- 
tion of supersaturated solutions, difficult to handle, when lantha- 
num is present in notable amounts. By this modified Welsbach 
method, praseodymium may be readily separated from neo- 
dymium, but it is a more difficult proposition to secure the latter 
devoid of the former. To separate pure neodymium, Boudou- 
ard* and Muthmann® advocate crystallizing the double potassium 
sulphate, but this does not leave either one free from lanthanum, 
unless the material is subjected to a prolonged series of fractional 
crystallization, almost exasperating in their consumption of time, 
as all who have worked with these rare earths know.® With 

1 Loc. cit. 

2 This Journal, 19, Soo (1897). 

3 Ann. Chem. (Liebig), 256, 163. 

* Compt. Rend., 126, 12; Chem, News, 77, 193. 

5 Ber. d. chem. Ges., 31, 1731. 

6 A paper follows, giving a new method for freeing neodymium of lanthanum. 
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these facts in mind, it becomes evident at once that a quick 
method for the separation of 5 to Io per cent. of lanthanum is 
worth while, and one that separated the praseodymium absolutely 
pure is most desirable. In fact, one phase most engrossing rare 
earth work at present has to do with finding such means for 
the separation of pure compounds. 

Our last work was with 7 kilograms of praseodymium ammo- 
nium nitrate free from neodymium, but containing more than 20 
per cent. of lanthanum. The material had undergone 300 crys- 
tallizations and came from about 100 tons of monazite. A 
water solution was precipitated by ammonium hydroxide in large 
glazed earthenware vessels (100-liter capacity), provided with 
spiral outlets by which, on removing rubber stoppers, the super- 
natant liquid might be drawn from different heights. The excess 
of ammonium nitrate was thus removed by two washings to pre- 
vent the attack of platinum (by its decomposition) in which the 
entire precipitate was ignited in portions. To decrease the per- 
centage of lanthanum present, the method of Auer’ proved satis- 
factory, and is not expensive, viz., the mixed oxides were added to 
dilute nitric acid until almost saturated, an account being kept of 
the weight, and then as much more oxide added. The more basic 
lanthanum forms the nitrate and remains in solution, taking a 
part of the praseodymium, as might be expected, while the major 
portion of the latter oxide is undissolved. Lanthanum, of 
course, is still present in the undissolved portion, but in much 
smaller percentage. The difference in the affinity, at least towards 
nitric acid, is not sufficient to serve as a method for bringing 
about a rapid separation of these bodies in the pure state. The 
solution was separated by filtration, washed once or twice and the 
respective fractions converted into hydroxides of the earths free 
from ammonia. Citric acid saturated with the hydroxide from the 
nitrate sqlution gave no precipitate on boiling, while that from 
the undissolved oxides immediately gave an excellent separation 
of the citrate, yielding over a kilogram of pure praseodymium ox- 
ide on ignition. The material is absolutely free from lanthanum 
and as pure as that used by Jones? in his atomic weight determi- 
nation. It may be well to state that Dr. Humphreys made the 
spectrographs for Dr. Jones and had the plates for comparison. 


1 Monatsh. Chem., §, 508. 
2 Am. Chem, /., 20, 5, 345 (1898). 
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Although chemically pure citric acid free from lead, ammonia free 
from silica and sulphuric acid, and nitric acid giving no residue 
on evaporation, and redistilled water were used, the preparation 
contains such impurities as would be gathered from the con- 
tainers used in the process, but they are in such small amounts 
as not to vitiate the results reported in several of the following 
papers, and of such a character that they may be readily removed 
at the stage it is deemed necessary. 

This material as a neutral nitrate, examined at various dilu- 
tions and different thicknesses, showed an absorption spectrum 
that is given for the normal so-called elementary praseodymium 
(bands 569, 482, 469 and 443) and was used in the other work re- 
ported in this series. The absorption spectrum was examined 
and photographed with a Steinheil grating (14,438 lines to the 
inch) spectroscope, as described by Dennis.1. The instrument is 
essentially the same, except that it is a size larger and has a 
quartz slit. The source of light used at first was a 100-candle 
power Edison incandescent light with a helexoid filament. Lat- 
terly we have substituted a 600-candle power are light enclosed 
in a projection lantern which serves to focus the rays upon the 
slit. The bright lines of carbon and its impurities, once noted, do 
not interfere with the observations of the bands. The instru- 
ment was purchased with a grant from the Bache Fund of the 
National Academy. 

During the progress of this work, the application of other 
methods for accomplishing the same object were attempted. 
Separating by potassium iodate, hydrofluoric acid, crystal- 
lizing a concentrated chloride solution by saturating with 
gaseous hydrochloric acid, formaldehyde, fusion with po- 
tassium pyrosulphate, alkaline hydroxides, digestion of rare 
earth? hydroxides in concentrated alkaline solutions, fusion with 
sodium peroxide, and endeavoring to form alums, were tried 
and they either gave negative results or such as did not warrant 
pursuit. 

Conclusion.—Pure praseodymium compounds may be prepared 
by heating a saturated citric acid solution from which praseodym- 
ium citrate separates when the percentage of lanthanum is below 
10, in a few hours, while by the former methods weeks or even 
months were required. 


1 This Journal, 24, 415. 
* See papers on ‘‘Lanthanates,”’ ‘‘ Neodidymates,” ‘‘Double Sulphates,”’ etc., following. 
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Synopsis.—This paper presents a new and rapid method of 
freeing neddymium from lanthanum, ziz., fractional precipitation 
of the chloride solution by saturation with gaseous hydrochloric 
acid. A number of fractionations of the purified material were 
made to prove the complexity of neodymium, but without success. 
The methods used were, fractional precipitation by gaseous hy- 
drochloric acid (over 100); partial decomposition by fusion of 
the double alkaline nitrates (23); precipitation by primary am- 
monium oxalate (31); solution in ammonium carbonate and pre- 
cipitation with acetic acid (3); fractional precipitation by such 
organic bases as aniline (4), benzylamine (29), piperidine (19) 
and phenylhydrazine (8). 


Naturally investigations were to be carried along with the fore- 
going, looking toward the preparation of pure neodymium com- 
pounds. It was noted that the preparationof pure neodymium salts, 
according to Auer’s method, presented numerous difficulties and 
required much time and many repetitions of the process. Bou- 
douard? has shown that neodymium gives a double sulphate with 
potassium more soluble in water than that of praseodymium 
and presents a more rapid separation than is perhaps possible by 
fractional crystallization. Muthmann and Rolig,®? working with 
didymium, had from yttria, extracted from monazite sand, found 
weeks, after making sixty crystallizations, to obtain a neodymium 
sulphate containing only 0.3 per cent. of praseodymium. The 
oxide, Nd,O,, obtained by them was described as “fast weiss’”— 
(see below). 

1 Presented in abstract at the Cleveland meeting of the American Chemical Society. 


2 Compt. Rend., 126, No. 12; Chem. News, 77, 193. 
3 Ber. d. chem. Ges., 31, 1718-1731 (1898). 


o 
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Reference has been made to the tentative acceptance of neo- 
dymium as an element. The agreement of the figures given for the 
atomic weight of neodymium by Jones,’ Brauner,? and von 
Scheele® point clearly to a constant material obtained from differ- 
ent sources. The same was also true of didymiym before the 
classical work of Auer von Welsbach.* Urbain,® in studying 
didymium had from yttria extracted from monazite sand, found 
not only neodymium, but such other earths as erbium and 
Soret’s X, (holmium) members of the terbic group and a little 
cerium. While absorption band 469 was distinctly visible, 482 
and 444 were doubtful (see papers following). Demarcay® and 
Kriiss and Nilson’ had previously made analogous observations 
with variations of the relative intensities of these bands. Later 
Demarcay® showed that some absorption bands have been found 
in didymium which appear to belong neither to neodymium nor 
praseodymium. Further, the presence of a certain amount of 
samarium causes the blue bands to disappear in a vague, hardly 
visible nebulosity. He concluded, as a result of a number of frac- 
tionations by different methods and examinations of the absorption 
bands, spark spectra (including the ultra-violet region), fluores- 
cent spectrum in calcium sulphate and by spectral colorimeter, “in 
spite of statements of several chemists, neodymium is a simple 
body and not a mixture.” Yet the work by Brauner® on variations 
in the oxides gives evidence of the complexity of that element. 

Our investigation was begun with the intention of testing the 
nature of neodymium. Many have difficulty in assigning neodym- 
ium a satisfactory location in the periodic system. Therefore, in 
the event we learned that neodymium was simple, it was highly de- 
sirable to determine positively its place in the natural system. 

Obviously the first step was to prepare neodymium as pute as 
possible. The constant associates of neodymium are lanthanum 
and praeseodymium, which are separated by methods which, at 
best, are long, slow and difficult of execution. It is very de- 


1 Am. Chem. J., 20, 345. 

2 Proc. Chem. Soc. (1898), No. 191, p. 70. 

3 Ztschr. anorg. Chem., 17, 310. 

4 Loc. cit. 

5 Bull. Soc. Chim. [3], 20, 9; Chem. News, 78,74 
6 Compt. Rend., 104, 580. 

7 Ber. d. chem. Ges., 20, 2124. 

8 Compt. Rend., 126, 14; Chem. News, 77, 219. 

9 Proc. London Chem, Soc., March 31, 1901. 
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sirable, therefore, to secure a method thorough and quick for the 
absolute elimination of these accompanying substances. 

Five hundred (500) grams of crystalline, double ammonium 
neodymium nitrate were used during the preliminary trials of 
different methods.’ 


PARTIAL DECOMPOSITION OF DOUBLE NITRATES BY FUSION. 


The. classic method of Berlin? was applied to 200 grams of the 
ruby-colored crystals which had lanthanum as the main impurity 
and some praseodymium. The numerous variations of the direc- 
tions given by Berlin, offered by subsequent workers, looking 
toward uniform heating and decomposition, failed to improve 
the process. At best, such methods of fractionation require a 
great amount of time and patience. The material was carried 
through twenty-three fractionations and, while much of the 
lanthanum was removed, the neodymium still contained praseo- 
dymium. 

Hood,* discussing principles of fractioning, observed: It is 
evident then that fractional precipitation is a method for sepa- 
rating two oxides differing but slightly in basic properties. It 
may be the work of a lifetime, even When working on a large 
amount of material.” Having the latter and not being assured 
of the temporal allotment of a chemist (thirty years), we looked 
for more encouraging methods. 


SATURATION OF NEODYMIUM CHLORIDE SOLUTION WITH HYDRO- 
CHLORIC ACID. 

The neodymium ammonium nitrate containing lanthanum as 
chief impurity with some praseodymium was converted into the 
chloride by the precipitation as hydroxide with ammonia, and 
washing free of the precipitant. It is inadmissible to convert the 
double salt to the oxide by direct ignition in platinum, as the 
metal is attacked. To be sure, it would appear that this con- 
_ tamination could be readily removed by subsequent solution of 
the oxide in hydrochloric acid. In practice, however, the platinum 
is found in the solution. The explanation of this is easily had. 
In the first place, Brauner* has shown the formation of a dioxide 


1 Obtained through the generosity of Dr. H. S. Miner, chemist of the Welsbach 
Lighting Co. 

2 Scand. Naturf. 8 Mide Kyipenhavn, p. 448 (1860). 

3 Chem. News, §2, 271. 

4 Proc. London Chem. Soc., March, 1901; Chem, News, 83, 197. 
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when the nitrate is ignited. This oxide causes the evolution of 
chlorine on dissolving it in hydrochloric acid with the consequent 
solution of the platinum. In the second place, the metal is finely 
divided and W. L. Dudley’ and Mallet? have shown that platinum 
in this condition and exposed to the air is soluble in hydrochloric 
acid. In later work, where large quantities were used, large 
earthenware tubs of 100-liter capacity with a spiral row of decan- 
tation openings on one side were used. The hydroxide was 
allowed to settle and supernatant liquid drawn off, and the hy- 
droxide washed twice with water by decantation. The decanta- 
tations were filtered free of any suspended hydroxide and the 
filtrate discarded. 

It may be well here to call the attention of those beginning 
work on the rare earths to the advisability of pursuing the very 
safe plan of saving all filtrates until they are thoroughly tested. 
These filtrates were not thrown away unless 10 to 20 liters had 
been evaporated and ignited and showed only a trace of residue. 
In many cases the clear water became turbid on standing exposed 
to the air. This was no doubt due to the absorption of carbon 
dioxide, which caused the precipitation of the neodymium com- 
pound or solution of the hydroxide in the wash-water and sub- 
sequent precipitation on neutralization by the excess of am- 
monium hydroxide in the filtrate. The hydroxide was thrown 
upon a filter, dried and ignited. The unglazed porcelain filter 
was eventually utilized in this work, as with the praseodymium, 
giving most satisfactory results. 

The dried hydroxide was ignited in platinum over powerful 
Bunsen burners until no more fumes arose. The ignited product 
was pulverized in an agate mortar and added to the concentrated 
hydrochloric acid in large porcelain casseroles. The solution, 
which was facilitated by heat, exhibited dichroism, presenting 
the color of juniper swamp water (yellowish brown) with trans- 
mitted light and purple with reflected light (especially noticeable 
upon pouring), and faintly purple on dilution. 

The neodymium chloride was filtered to remove a small gray 
residue of platinum obtained from the vessels and concentrated 
until a crust of crystals formed on top of the solution. On cool- 
ing, yellow-brown crystals appeared abundantly. They were 


1 This Journal, 15, 272 (1893). 
2 Am. Chem. J., 2§, 430 (1901). 
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separated, dissolved in water and the mother-liquor of neo- 
dymium chloride separately fractioned by saturation with hydro- 
chloric acid gas. 

This method of treatment possesses nothing essentially new, 
having been fully described previously by Dennis.1. The gas 
was generated by allowing concentrated hydrochloric acid to fall 
dropwise upon concentrated sulphuric acid. The generator was 
provided with a safety-flask and the gas let into the solution by 
means of an inverted funnel or thistle tube which just dipped 
underneath the surface of the liquid. 

During the early work and with the small quantities of material, 
only pure acids were used. When, however, later, large quan- 
tities of material (several carboys of acids) were employed, on 
account of the expense, commercial reagents were had recourse 
to. A satisfactory generator of gaseous hydrochloric acid from 
commercial acids was devised by one of us (Stevenson), and W. 
M. Marriott (of this laboratory), and is described elsewhere. 

The solution was saturated with the gas until crystals appeared. 
The supernatant liquid was carefully decanted, the. crystals 
washed with concentrated chemically pure hydrochloric acid, and 
the liquid again decanted from any crystals which subsequently 
formed in the mother-liquor. It was later learned that by allow- 
ing the solution to cool, the two crops of crystals could be col- 
lected in the one beaker, and washed several times with hydre- 
chloric acid; the mother-liquor was subjected to another frac- 
tionation, crystals redissolved in the least amount of water, and 
fractioned again. Whenever solutions became too weak to be 
further fractioned, they were concentrated and subjected to the 
action of the gas. 

During the earlier part of the work, forty-five fractionations 
were made and the resulting fractions classified according to the 
absorption spectra into four large solutions; the extreme crystals, 
medium crystals, medium solutions and extreme solutions, and 
into two small solutions—the pene-extreme crystals and the pene- 
extreme solutions. ‘These solutions were fractioned as before, 
except that the application of the gas was continued until no more 
crystals appeared and the “crisscrossing” preceded each frac- 
tionation. 

After twenty-two more of such fractionations, there resulted 


S 
f 


! This Journal, 24, 421 (1902), and previously. 
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four fractions: Extreme crystals, a very large fraction; medium 
crystals, about two-thirds as large; medium solutions, a moderate- 
sized fraction; and extreme solutions, small fraction. The ex- 
treme crystals in neutral nitrate solution showed an absorption 
spectrum identical with the spectrum of the extreme solution, 
except that in the latter the band A 460-466 had disappeared. 
This band belongs to samarium. The arc spectrum of the oxide 
from the extreme crystals showed only vanishing traces of 
lanthanum.’ The oxide of the extreme solution was brown and 
violet. The brown portion was largely lanthanum and_neo- 
dymium with some praseodymium. The method, therefore, was 
promising, as almost pure neodymium was obtained in the heads. 

It may be well to state the result of some of our observations 
here for the guidance of others in the application of this method. 
The method was improved as follows: ‘The concentrated neo- 
dymium chloride solution was saturated with hydrochloric acid 
gas until no more crystals appeared. ‘These crystals were then 
dissolved to a saturated aqueous solution and refractioned. After 
seven such complete precipitations, the last crystals were abso- 
lutely free from lanthanum, according to the arc spectrum. This 
method was used on a large scale subsequently, working with as 
much as 8 kilograms of neodymium ammonium nitrate, using 
the hydrochloric acid generator of Stevenson and Marriott. 
Within a week, a kilogram of neodymium oxide absolutely free 
from lanthanum was obtained. ‘This serves to illustrate the value 
of the method. 

REMARKS. 

During all our investigations with the rare earths, on account 
of their value, the fragile containers are always placed in a 
second large vessel in case of accidental breakage. 

The precipitation with the hydrochloric acid gas sometimes 
began immediately, generally in about twenty minutes. In a few 
cases, where the solution was dilute, only after two hours and in 
a few very dilute solutions, not at all. The mother-liquor de- 
canted from crystals frequently yielded another crop on standing. 
Oftentimes, apparently, a supersaturated solution would be had 
which, when poured from one vessel to another, gave rise to 
spontaneous crystallization. 


1 These determinations were made by Dr. W. J. Humphreys, of the University of 
Virginia, with the same instrument as mentioned in the praseodymium paper. 
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The precipitates were always crystalline. Rapid precipitation 
from saturated solutions gave trellised translucent crystals which 
appeared white in the mother-liquor. Vitreous needles resulted 
from the concentrated solutions; fine irridescent crystals from 
dilute solutions. The spontaneous crystals, especially when 
formed after days of standing, were handsome pyramids from 
4 to 7 millimeters in length. The crystals were always more or 
less colored; the extreme crystals were redder and the crystals 
from the extreme solutions were yellowish. Sometimes the 
crystals appeared in alternate layers of rose and white, very likely 
due to a different manner of precipitation, because no difference 
was observed in the absorption spectra of solutions made from 
the two. This is no proof, however, that different substances did 
not separate out more or less contaminated with each other, for, 
as is well known, the absorption spectrum is not a final test of a 
fractionation. These observations were made near the time when 
it would become necessary for one of the authors (S.) to leave 
this laboratory, so that checks could not be made by means of 
atomic weight determinations. This work will be taken up later. 

The colors of the solutions obtained in the fractionations were 
striking. The characteristic dichroism of the original chloride 
solution has been adverted to. The extreme solutions were a 
bright yellow in transmitted light and bright green in reflected 
light. The criss-crossing was determined by the color of the 
solutions; and the classification by color, location in the chart 
of the fractionations, but mainly by the absorption spectra. All 
these methods agreed. 

The absorption spectra at first were taken of fractions as ob- 
tained without any attempt at uniform concentration. As a re- 
sult, the spectra were deceptive and not comparable. Subse- 
quently a basis was assumed for all comparisons, I gram of oxide 
being converted into neutral chloride and diluted to 1o cc. An 
interesting observation was made in the examination of the frac- 
tions by means of the absorption spectrum, for band A 460-466, 
the strong band belonging to samarium according to Thaleén, 
disappeared coincident with the loss of the yellow purple di- 
chroism. 

The bands A 569, 482, 469 and 443, characteristic of praseo- 
dymium, persisted throughout ; yet, according to the are spectrum, 
the praseodymium was present in a very small amount—less than 
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I per cent., as shown by Jones.t We were so fortunate as to 
have in our possession some of the material used by Dr. H. C. 
Jones in his careful atomic weight determination of neodymium 
and praseodymium. The arc spectrum of the purest preparation 
showed traces of gadolinium and samarium in both samples, but 
by a comparative examination of a solution of samarium, the 
absorption lines of this element were not found as impurities in 
our purest neodymium. 

The color of the oxides obtained from the different fractions 
presented an interesting study. Demarcay” states that pure neo- 
dymium is a violet-colored oxide. A pale violet oxide was given 
by the extreme crystals, but a lump of it had a brown core, which 
easily became violet upon ignition.® This same oxide upon re- 
covery after use for precipitation by organic bases (see below) 
was a mixture of brown cinders, rose-colored scales, mole-skin 
dust and black specks ; yet each of these, carefully picked out and 
separately examined, gave the same absorption bands—the true 
spectrum of our purest neodymium. The oxides of the extreme 
solutions was a mixture of lavender and brown. It sometimes 
became almost white upon vigorous ignition, indicating the pre- 
dominence of lanthanum. Certain blue oxides were also obtained 
and when sufficient shall have accumulated, will be examined.? 
Perhaps this may prove to be Chroustschoff’s glaukodymium. 
The dark oxides go into solution in nitric acid more energetically 
than the lavender-colored oxides, a temporary rose-colored residue 
being obtained. 


FURTHER EXPERIMENTS LOOKING TO PROOF OF COMPLEXITY OF 
NEODYMIUM. 

Having secured pure neodymium containing only a trace of 
praseodymium, we applied a few methods looking toward a deter- 
mination of the nature of that element. Below are given the 
methods used. 

PRECIPITATION BY PRIMARY AMMONIUM OXALATE. 

A neutral neodymium chloride solution prepared from the pure 
oxide obtained according to the method given above was used. 
A saturated aqueous solution of ammonium oxalate was added 


1 Am. Chem. /., 20, 345. 

2 Compt. rend., 126, 14; Chem. News, 77, 219. 
3 Compare Muthmann and RO6lig above. 

* See J. Russ Phys. Chem, Soc., 29, 206. 
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until a permanent cloudiness was obtained. About 5 cc. of sat- 
urated primary ammonium oxalate were then added, giving local 
turbidity, which became a mealy precipitate upon stirring. This 
was essentially the method used by Dennis and Dales in their 
work upon the purification of yttrium.t. After twelve hours, the 
precipitate settled as a rose-colored powder, leaving the super- 
natant liquid clear. Thirty-one such fractionations were made. 
The last two fractions were obtained as follows: To the boiling 
mother-liquor 10 cc. of the primary oxalate were added and no 
precipitate formed, but on cooling, crystals gradually appeared. 
The plan of adding praseodymium oxalate crystals to induce a 
separation of that constituent of didymium was tried, but the 
solution was exhausted. The final mother-liquor was evaporated 
to dryness, ignited, converted into neutral chloride solution, and 
examined with the spectroscope. All of the mother-liquors ob- 
tained throughout the fractioning were similarly treated, as well 
as the precipitates. The same absorption spectrum was obtained 
in every case; therefore, the process was not tried more elabo- 
rately. 

SOLUTION IN AMMONIUM CARBONATE AND PRECIPITATION BY 

ACETIC ACID. 

Pure neodymium hydroxide obtained from the chloride above 
by precipitation with ammonia, was washed twice by decantation. 
Four hundred cc. of water saturated with pure ammonium carbon- 
ate were added. No perceptible solution of the hydroxide was ob- 
served. The liquid was poured off and the hydroxide washed 
three times by decantation. The liquid gave no precipitate with 
acetic acid, but on evaporation and ignition a very small residue 
was obtained. Converted into a neutral chloride solution, the 
liquid showed only the stronger absorption bands of neodymium. 
It was too small in amount to be made up to the standard strength 
adopted. The neodymium hydroxide was treated once more with 
300 cc. of saturated ammonium carbonate for several days with 
a similar result, consequently it was abandoned. 

FRACTIONAL PRECIPITATION BY ORGANIC BASES. 

G. Kriiss? fractioned certain of the rare earths with such sub- 

stituted ammonias as aniline. Smith and Jefferson*® published 


1 This Journal, 24, 425 (1902). 
2 Ztschr. anorg. Chem., III, 108 (1893). 
8 This Journal, 24, 540 (1902). 
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the effect of precipitating the rare earths with aromatic bases. 
We endeavored to utilize their observations in making fractional 
precipitations similar to the work of Schutzenberger and 
Boudouard, and other workers in fractioning the rare earths with 
ammonia. E. T. Allen’ later used certain weak organic bases 
for separating thorium and zirconium from iron and beryllium. 

Aniline—To a moderately concentrated, slightly acid solution 
of neodymium chloride, aniline was added in excess, with stirring. 
No precipitate appeared at once. The solution was concentrated 
and more aniline added. After three days, a slight white precipi- 
tate formed, adhering to the beaker. It was filtered and the fil- 
trate treated with aniline and boiled. More aniline was added 
and another meager white precipitate formed. Further attempts 
to get a larger precipitate even after allowing the solution to 
stand for three months, failed. These three precipitates showed 
similar absorption bands and were identical with the spectrum of 
the diluted mother-liquor. The process was unpromising and, 
therefore, discontinued. 

Benzylamine.—Benzylamine upon addition to a neutral neodym- 
ium chloride solution immediately gave a rose-colored, floccu- 
lent precipitate, the liquid becoming somewhat cloudy upon stir- 
ring. The precipitate settled after twelve hours and was very 
difficult to filter. Only eight drops of the organic base were used 
to get a fractional precipitation because, as stated by Smith and 
Jefferson,? the precipitation is quantitative. After twenty-nine 
fractionations, the solution was exhausted. Spectroscopic ex- 
amination of the precipitates, the mother-liquors and the final 
residue, according to the methods already cited, showed nothing 
noteworthy and the process was not further elaborated. 

Piperidine.—Piperidine acted similarly to benzylamine, nine- 
teen fractions being carried out. The mother-liquor soon as- 
sumed a bright yellowish green color. Some of the hydroxides 
were rose color and some were almost pale yellow. 

Phenyl Hydrazine—rThe phenyl hydrazine was added in an 
excess to a neutral chloride solution. Gradually, in the course 
of twenty-four hours, there formed a dark red precipitate which 
adhered to the beaker and was difficult to filter. The precipitate 
was dissolved in concentrated nitric acid and gave a dark red 


1 Jbid., 25, 421 (1903). 
* Loc. cit. 
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solution due to the action of the acid upon the organic base, or a 
decomposition product of the base. Seven fractionations, each 
one requiring a week, were carried out. The precipitates showed 
no divergence from the original, when in the form of neutral 
chloride solutions they were examined with the spectroscope. 
After the third precipitation, the filtrate became so turbid, either 
from decomposition products of the phenyl hydrazine, or through 
hydrolysis of such double compounds as are mentioned by Dela- 
fontaine, that the process was given up. 


SUM MARY. 


In endeavoring to prove the complexity of neodymium by 
fractional precipitation, in our hands the following methods 
failed: Fusion of the double nitrate (according to Berlin’) ; pre- 
cipitation by primary ammonium oxalate; solution in ammonium 
carbonate and precipitation by acetic ocid; fractional precipitation 
by gaseous hydrochloric acid ; precipitation by the organic basess— 
aniline, benzylamine, piperidine, and phenyl hydrazine. 

The following methods are among those which will be tried 
in this laboratory: The use of sodium acetate and hydrogen 
peroxide, electrolysis, reduction by metallic magnesium, mag- 
nesium usta, treatment with mercury oxide and nitrate, copper 
oxide (method applied by Schutzenberger and Boudouard to 
cerium), dialysis and ammonium persulphate. 


UNIVERSITY OF NORTH CAROLINA, 
August I, 1903. 
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A GENERATOR FOR THE CONTINUOUS PREPARATION OF GASES ON 
A LARGE SCALE IN THE LABORATORY. 


By RESTON STEVENSON AND W. MCKIM MARRIOTTE. 


Received November 9, 1903. 
A continuous stream of hydrochloric acid gas was required by 
one of us (S) in an investigation of the rare earths.? As the 


1 See preceding paper. 
2 Also modified by Dennis and Magee: This Journal, 16, 653. 
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amount of gas required was large and a steady flow necessary, 
the apparatus here described was devised, whereby commercial 
acids could be utilized with consequent economy. By variation 
of detail, the apparatus may be used for the generation of other 
gases. If desirable, the gases may be dried by insertion of suit- 
able containers for the proper desiccating agents between E and 
F (see figure). The whole apparatus may be readily constructed 
of material in any laboratory. It was used.for over a month, often 
night and day, requiring little or no attenton, and gave perfect 
satisfaction. 
























































The well-known method of generating gaseous hydrochloric acid 
by bringing its water solution in contact with strong sulphuric 
acid was found most convenient. Commercial hydrochloric acid 
was allowed to flow by gravity from the reservoir C through the 
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tube M into tower A. At the upper part of the constriction of A 
was placed broken cullet upon which rested glass wool. The 
tower was then nearly filled with glass beads, W, and this capped 
with glass wool, ’. The tower was provided with a three-hole 
rubber stopper. Commercial sulphuric acid in the reservoir D, 
the bottom of which is on a level with the reservoir C, was si- 
phoned through the tube Z which projects through the stopper in 
A at an angle so that its end rests on the tube .V/, about 5 mm. 
from the end of the latter. These tubes are provided with stop- 
cocks P and F& for regulating or discontinuing the flow of the 
acids. Allowing the sulphuric acid to flow down the tube carry- 
ing the hydrochloric acid this short distance was found to work 
most advantageously. The large Erlenmeyer flask D was placed 
upon a water-bath, G. By thus heating the commercial acid, a 
more rapid and larger yield of hydrochloric acid was obtained. 
As a mixture of acids passed through the glass wool and beads, an 
intimate mingling is brought about and the gas generated led 
through the exit tube X into the safety-flask E, from which the 
gas goes through Z into the vessel F in this particular case. To 
equalize pressure and to remove the partially spent acids, they 
were led from the bottom of the tower by gravity through the tube 
Y bent toward the bottom of the tower A into a large carboy B, 
resting on the floor. This carboy is provided with a two-holed 
rubber stopper through which passes the glass tube Q into a safety 
vessel E. By these means an equalization of pressure is had and 
the remaining gas generated in the waste acids obtained. Four 
stop-cocks, V O P R, were inserted for the regulation of the flow 
of acids or gas. The generation of the acid could be discontinued 
at any moment by closing them and disconnecting just beyond the 
stop-cock O. The safety-flask E served the dual purpose of equal- 
izing pressure and collecting any back-flow of liquid from the pre- 
cipitating vessel F, when such an accident occurred. Suitable 
rubber connections were made when necessary. 

We wish to thank Professor Charles Baskerville for his interest 
and permisson to publish the description of the apparatus. 


UNIVERSITY OF NORTH CAROLINA. 
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ON LANTHAN-ALUMS—SOME NEW DOUBLE SULPHATES. 


By CHARLES BASKERVILLE AND EUGENE G. Moss. 


Received November 9, 1303. 

Synopsis.—This paper gives an account of some attempts, not 
altogether successful, to prepare lanthan-alums. The character- 
istic properties of lanthanum sulphate, namely, ready formation of 
a comparatively insoluble hydrate and double salts, appear to 
interfere. The following new salts, belonging to known types, 
were prepared : La,(SO,),.Rb,SO,.2H,O and La, (SO,),.Cs,SO,. 
2H,O, and La,(SO,),.Rb,SO,, as well as another model, viz., 
3La.(SO,),.2Rb,SO, and 3La,(SO,),.2Cs,5O,. 

It may be recalled that lanthanum was one of the elements whose 
atomic weight was corrected by Mendeléeff* in the enunciation of 
the periodic law. Lanthanum is now placed in the aluminum 
group. Many of the sulphates of elements which form sesqui- 
oxides, form the basis of the large class of bodies known as the 
alums. For these two reasons it is natural to expect lanthanum 
to form an alum. 

Locke? has called attention to the fact that if an element will 
form an alum, it does so more readily with cesium sulphate than 
with any of the other alkaline sulphates. Experiments were 
therefore begun with lanthanum sulphate and cesium sulphate in 
an equimolecular mixture. In endeavoring to concentrate the so- 
lution to the crystallization point by heating, either directly or by 
evaporation upon the water-bath, there resulted almost immedi- 
ately a precipitation of the nonahydrated lanthanum sulphate, 
La.(SO,),.9H.O. It is well-known that lanthanum sulphate de- 
ports itself in this manner. We learn also that this body fails to 
go back into the solution in the same amount of water on cooling. 
Muthmann and Rolig,’ in their investigation on the separation of 
the cerite metals through the solubility of their sulphates, state that 
the solubility of this nonahydrate varies but slightly with the 
temperature. 


1 “Principles of Chemistry”’ (English translation), Vol. II, p. 88. 
* Am. Chem. J , 27, 281. 
3 Ber. d. chem. Ges., 31, 1723 (1898). 
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As it was impossible to bring about the proper concentration of 
the mixture by heating, it was placed in a vacuum desiccator and 
allowed to evaporate under diminished pressure. Beautiful large 
crystals, symmetrical in form, separated out. The analysis of 
these crystals, from which the mother-liquor was drained, gave 


the following percentages: 
Calculated for 





T,a(SO4)gCsoSO4. Tao(SO4)s. 3Lae(SO4)s3. 
Found, 24H,O. Cs2SOx4. 2CsoSO4. 
Lanthanum oxide.... 33.75 23.85 26513 37.57 
Cesium oxide ........ 21.72 20.76 30.39 21.60 


Another experiment was carried out by placing a similar solu- 
tion in a freezing-mixture of ice and salt, but no crystals were 
formed. 

During the progress of these experiments, efforts were made to 
prepare lanthan-potash alum by electrolytic oxidation. Howe and 
O’Neal* prepared iron, cobalt and chromium alums and attempted 
to make manganese alums by electrolysis, but without success. 
Later Piccini? prepared the cesium manganese alum by that 
method. This method, varied in some respects, was used with 
lanthanum. 

A saturated solution of lanthanum sulphate was prepared by 
saturating sulphuric acid with lanthanum hydroxide, which had 
been obtained by precipitation from lanthanum ammonium nitrate. 
The solution of lanthanum sulphate was placed within an un- 
glazed porcelain annealing dish. This rested in a large beaker 
containing more than enough double sulphate of potassium and 
lanthanum to make a saturated solution. It is difficultly soluble 
in water, hence the excess of solid. A spiral platinum cathode 
was placed in the solution in the annealing dish while a sheet plat- 
inum anode rested in the outer liquid. Four Lalande-Edison cells 
were used, giving a current of about 0.16 ampere, and the process 
was allowed to continue sixteen hours. No perceptible change in 
either the outer or inner solution was noted. A few white, 
opaque crystals separated about the top of the annealing cup. 
The solution within the annealing cup was taken out and allowed 
to evaporate spontaneously. In a week’s time a mixture of crys- 
tals formed. The larger ones were carefully removed by 
tweezers and analyzed. 


1 This Journal, 20, 764 (1808). 
2 Ztschr. anorg. Chem., 20, 12 (1899). 
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Calculated for 
Found. Tae(SO4) 3. KoSO4.24H20. 
Lanthanum oxide ............ 27.24 27.69 
Potassium Oxide.....--+eeeeee 8.47 8.03 


This would indicate the formation of the alum. The amount 
obtained, 0.1868 gram, was used in the analysis. The remaining 
smaller crystals and some of the alums gave, on analysis, 47.37 
per cent. lanthanum oxide. This indicates the coincident for- 
mation of the hexahydrate of Frerichs and Smith,’ which carries 
49.17 per cent. lanthanum oxide. 

In hopes of repeating the above in another experiment with 
more dilute solutions the current was allowed to run for twenty- 
three hours. The crystals, a mixture, gave lanthanum oxide, 
46.2 per cent., and potassium oxide, 9.71 per cent. 

A third experiment was carried out on a larger scale, using 150 
cc. of the double lanthanum potassium sulphate solution and 75 
cc. of the lanthanum sulphate. The current, 0.1 ampere, was al- 
lowed to run for forty-eight hours. No crystallization took place, 
but four fractions were obtained in the concentration. None of 
them gave results on analysis worthy of mention. 

Similar experiments were carried out with sodium sulphate 
and the current continued for fifty hours. ‘The solutions obtained 
were evaporated under reduced pressure. The analysis of the 
crystals gave: 


Calculated for 


Found. Lao(SO4)3.2NaoSO4.18H2O. 
Lanthanum oxide .......+.. + 27.40 27.41 
Sodium oxide ..-..+ssee+s sees 9.78 10.47 


This is doubtless a mixture and its study could not be of interest. 

Another experiment with sodium sulphate was carried out 
with a larger current, 0.4 ampere, and continued for seventy 
hours. Some pretty needles separated contaminated with fine 
crystals. It was quite impossible to remove the former and free 
them from the mother-liquor—they were so soluble. The small 
crystals on analysis proved to be Cleve’s' double sulphate. 


Calculated for 


Found. L,ao(SO4)3.2 NaeSO4+2H20. 
Lanthanum Oxide ....+.c..eee 36.30 36.04 
Sodium oxide .........-+--0e. 13.15 13.87 


Experiments were carried out with rubidium sulphate. It may 
be remarked that it mattered not which one of the alkaline sul- 


1 Ann. Chem. (Liebig), 191, 460. 
2 Ber. d. chem. Ges., W, 912. 
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phates was used in the mixture; any effort to concentrate by heat- 
ing always caused a precipitation of the hydrated sulphate, some 
double salt, or both. In a solution made of rubidium and lantha- 
num sulphates in theoretical amounts and evaporated in a vacuum 
desiccator, thin, flat silky crystals formed which, on analysis, gave: 


Calculated for 





Found. Lae(SO4)3. RbeSO4.24H2O. 3L,ae(SO3)3.2RbeSOy. 
Lanthanum oxide....... 43.10 25.77 43.62 
Rubidium oxide ....-... 17.64 14.7 16.77 

Lanthanum sulphate is, as remarked, much more soluble in 
cold than in hot water, the solubility, according to Mosander,’ 
being I part in 115 of water at 100° and I in 6 parts at 13°. As 
one of us (M.) was forced to withdraw from the laboratory, an 
effort was made in closing up the work to concentrate the rubidium 
solution at the temperature 45°-50° C. The vessel was placed in 
an air-bath, the temperature regulated, and the evaporation facili- 
tated by drawing a current of dry air over the liquid by means of 
a suction-pump. Crystals were obtained giving a percentage of 
40.4 of lanthanum oxide which would indicate the formation 
La,(SO,),.Rb.SO,, where the percentage of lanthanum oxide 
is 39.13. The body belongs to the type Di, (SO,),,K,5O, (Marig- 
nac)? and Di,(SO,),,T1.SO, (Zschiesche).° 

Efforts were also made to prepare an ammonium alum, but with 
no more satisfactory results. 

Perhaps under more suitable conditions, as spontaneous evapo- 
ration at low temperatures, the lanthan-alums may be prepared. 
Apparently, however, the property possessed by lanthanum sul- 
phate of forming a stable compound with 9 molecules of water 
with slight elevations of temperature interferes materially with the 
formation of the alum. Muthmann and Rolig* have observed its 
formation at zero. 

Attention has been directed by F. W. Clarke to the alum type 


Al—SO,—K 
S 
SO, 
and the suggestion made that lanthanum, which readiiy gives 
La,(SO,);.3K,SO,, forms the model 
1 J. prakt. Chem., 30, 380. 
2 Ann. Chem. (Liebig), 88, 242. 


3 J. prakt. Chem., 107, 98. 
# Loc. cit. 
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SO,—K 
La—SO,—K 
\so,—kK 


These specific properties of lanthanum render the formation of 
the alum more difficult. 


UNIVERSITY OF NORTH CAROLINA. 
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ATTEMPTS TO PREPARE PRASEODYMIUM AND NEODYMIUM ALUMS 
—SOME NEW DOUBLE SULPHATES.’ 


By CHARLES BASKERVILLE AND HAZEL HOLLAND. 


Received November 9, 1903. 

Synopsis.—Pure praseodymium and neodymium sulphates, i. e., 
free from lanthanum, were prepared and attempts made to form 
alums by mixing with varying proportions of the alkaline sul- 
phates. The four methods tried, viz., concentration of solutions 
on the water-bath, in a vacuum desiccator, passing dry cold air 
over the solution kept at zero, and electrolysis (method of Piccini) 
failed to give an alum. 

The following new double sulphates were prepared: Pr,(SO,)s. 
Cs,SO,.2H,O, Pr,(SO,);.Cs,SO,.4H,O, and Nd,(SO,);. 
Cs.SO,.3H,O, which may serve as types. 


The methods of separation of lanthanum and the didymiums 
were not altogether satisfactory. It was thought, as these bodies 
are frequently classed together, that perhaps one might form an 
alum and serve as a method for separating them. 

The alums decrease in stability with an increase in the atomic 
weight of the trivalent metal, while the heavier the univalent metal, 
the greater the stability. For instance, sodium enters into alums 
with the lightest of the trivalent metals, as aluminum, vanadium 
and chromium. On account of these characteristics and the state- 
ment made by Locke? that “if an alum cannot be formed with 


1 Presented in abstract at the Cleveland meeting of the American Chemical Society. 
2? Am. Chem. J., 27, 281. 
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cesium, it cannot be formed at all,” in most of our experiments 
cesium was used as the univalent element. 

The praseodymium sulphate was prepared from oxide obtained 
according to the method of Baskerville and Turrentine.1 The 
neodymium sulphate was prepared from the purest neodymium 
oxide obtained by the method of Baskerville and Stevenson.’ 

No lanthanum was present in either of these preparations, so 
we hoped to avoid the difficulties encountered in the former paper. 
In fact, it has been stated that lanthanum might be removed in 
part from praseodymium and neodymium by heating the sul- 
phates, which will bring about the separation of the lanthanum 
almost entirely free from the other two bodies. Muthmann and 
Rolig® made a careful comparative study of the solubility of these 
sulphates. While both praseodymium and neodymium sulphates 
are precipitated from concentrated solutions by elevation of tem- 
perature, they do not come out so readily as the lanthanum. We 
did not push the method to such an extent to determine if it would 
serve as a successful method for the separation finally, but we did 
learn that it would be very slow. 

The praseodymium sulphate was prepared by a solution of the 
oxide in concentrated sulphuric acid (1:1) in platinum, the ex- 
cess of acid being evaporated off by heating upon a sand-bath. 
The pure green crystalline praseodymium sulphate was dissolved 
in cold water. This standard solution contained for each cubic 
centimeter 0.05 gram of the sulphate. The standard solution of 
cesium sulphate contained 0.039 gram of sulphate per cubic centi- 
meter. Equivalent amounts of these solutions were mixed and 
placed in a glass evaporating dish in a vacuum desiccator ; within 
twelve hours pretty green crystals separated out. The liquor 
was poured off, the crystals dried with alcohol and ether, finally, 
by pressing between folds of bibulous paper. 

The crystals were analyzed according to the methods usually em- 
ployed in the analysis of potash alums, namely, weighed portions 
were dissolved in cold water, acidified with concentrated hydro- 
chloric acid, the praseodymium hydroxide being precipitated with 
ammonium hydroxide ; the excess was removed by boiling, filtered, 
washed and the filtrate evaporated to dryness. Cesium was de- 
termined as normal sulphate. A small amount of pure ammo- 


1 This Journal, 26, 46. 
2 This Journal, 26, 54. 
3 Ber, d. chem. Ges., 31, 1720. 
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nium carbonate was always added after the ammonium salts had 
been driven off to convert the cesium hydrogen sulphate into the 
normal sulphate. The praseodymium hydroxide was ignited in a 
platinum crucible and heated in the air with a blast-lamp to a con- 
stant weight. From a number of determinations and the amount 
of oxygen yielded by this greenish black residue when it was 
heated in hydrogen, its formula was taken as Pr,O,. 

The first crystals obtained by the method outlined above gave, on 
analysis, the following: 





Per cent. 

Praseodymium sulphate ........- eeeees 61.07 

Cesium sulphate. ...22¢00.s02 ceccscecce 35.57 

Water of crystallization by difference... 3.36 
100.00 


The body would, therefore, have the formula Pr,(SO,),.Cs,SO,. 
2H,O. A new double salt corresponding to the type Pr.(SO,)s. 
K,SO,2H,O similar to Cleve’s double lanthanum sulphate and 
Benedick’s Gd,(SO,),.K,SO,.2H,O ;? but it is not an alum. 

As the relationship of the two sulphates was correct, an at- 
tempt was made to increase the content of water of crystallization 
by mixing the sulphates at a reduced temperature; zero in the 
second experiment. When the mixture was kept at that temper- 
ature for sixteen hours with a rapid stream of dry air passing 
over it to facilitate evaporation, very soon exquisite green crystals 
separated out, which gave, on analysis: 

Praseodymium sulphate....-.....-- 58.74 
Cesium sulphate. ........ sees. eee 37-64 
or virtually the same compound. 

The lowering of the temperature failing to raise the percentage 
of water, the third experiment was carried out at a temperature 
of 60° C. The beaker was maintained at this temperature by im- 
mersion in a carefully regulated water-bath. The crystals 
separated out very quickly and, like the others, possessed the 
characteristic green color. The analysis gave 

Praseodymium sulphate........-.-- 70.08 
Cesium sulphate. -.--+++- sees eeeees 26.99 

While this body also contained 2 molecules of water of crystal- 
lization, the percentage of praseodymium sulphate obtained showed 
the presence of either a new sulphate or that the crystals analyzed 


1 Ztschr. anorg. Chem., 22, 393- 
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constituted a mixture of those previously described and a sulphate 
probably resembling the nonahydrated lanthanum sulphate. 

One experiment was made looking toward the preparation of 
the praseodymium potassium alum. Theoretical proportions of 
the sulphates were mixed in a glass evaporating dish and kept in 
a vacuum desiccator exhausted over night. Green crystals sepa- 
rated out. They were dried and analyzed and the compound was 
found to be a double sulphate containing 4 molecules of water of 
crystallization. 

Failing to prepare the alum by simply mixing and evaporating 
the sulphates at different temperatures, Piccini’st method of elec- 
trolysis was applied to praseodymium and cesium sulphates. A 
description of the method is given in the previous paper. The 
experiment was interrupted at the end of forty-eight hours, a few 
crystals having separated out at the cathode. The solution was 
decanted and evaporated in a vacuum desiccator. The reduced 
pressure was continued for several days until sufficient of the 
crystals were obtained for analysis. 

Praseodymium sulphate...-+-+.sseeeees 58.14 
Cesium sulphate..........se+ eee seccee 35.67 
Water of crystallization by difference... 6.19 
The compounds, therefore, were double sulphates with 4 molecules 


of water of crystallization. 


The crystals that separated out at the cathode were analyzed 


with the following result: 
Praseodymium sulphate ....--..+++++- 56.73 
Cesium sulphate Sha Sip olktap aie eyo) adi mine bse ae 33.63 
This is virtually the same double sulphate. 
ATTEMPT TO PREPARE NEODYMIUM ALUM. 


Pure neodymium oxide obtained by the method of Baskerville | 
and Stevenson’ was converted into the sulphate in the same mar- | 
ner as described above for praseodymium. Standard solutions of | 


this and cesium sulphate were prepared. Calculated quantities | 


were evaporated in vacuo. Beautiful lavender crystals formed 


which were analyzed according to the same methods as given for 
praseodymium. 

Neodymium sulphate.....--.sseseeeeee 62.11 

Cesium sulphate .........ssececece cece 32.34 

Water of crystallization by difference... 5.55 


1 Ztschr. anorg. Chem., 20, 12 (1899). 
2 Loc. ctt. 
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The compound was therefore a double cesium neodymium sulphate 
containing 3 molecules of water of crystallization, Nd,(SO,)3. 
Cs,SO,.3H,O. 

Attempts were also made to prepare the potassium neodymium 
alum by electrolysis. The same method employed in preparing 
the praseodymium body was used. The crystals which separated 
out at the cathode gave, on analysis: 


Neodymium sulphate............ +2... 60.92 
Cesium sulphate abtae ieaicacaistd i Casula ake Ste xe 33.08 
Water of crystallization by difference -. 6.00 


This body was also a double sulphate containing 3 molecules of 
water of crystallization. 

Aluminum salts possess weak basicity, while the praseodymium 
and neodymium are, comparatively, basic.1 This may account in 
part for our failure to prepare these alums. It is particularly in- 
teresting to note in considering these two so-called elements that 
the one gives a series of double salts with 2 and 4 molecules of 
water of crystallization, while the other gives one with 3. 


UNIVERSITY OF NORTH CAROLI*A. 
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LANTHANATES. 
By CHARLES BASKERVILLE AND GEORGE F. CATLETT. 


Received November 9, 1903. 

Synopsis—The resemblance of lanthanum to aluminum was 
taken advantage of and the preparation of such bodies as the 
lanthanates and meta-lanthanates, hitherto not reported, described. 
The new substances are sodium tetra-lanthanate (Na,La,O,) and 
meta-lanthanates of sodium, potassium, lithium and barium 
(MH,La,O,,). Two methods were used: Fusion of lanthanum 
oxide with alkaline carbonates, and prolonged digestion in a 
concentrated solution of the alkaline hydroxides at 100° C. These 
bodies do not serve as a means for the separation and purification 
of lanthanum. 


Aluminum, which belongs to the third group in the periodic 
1 Am, Chem. /., 26, 166. 
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classification, may be separated from many elements by the solu- 
bility of its hydroxide in the non-volatile alkalies. This is due to 
the formation of soluble aluminates or meta-aluminates. It, 
therefore, appeared reasonable that lanthanum, which is classed 
with the same group, would deport itself similarly and perhaps 
offer a desirable new mode of separation from other or the rarer 
elements. 

In their work on zirconates, Venable and T. Clarke! proposed 
the following methods for the preparation of this class of bodies. 

I. Fusing with boron trioxide (Ebelmen). 

II. Fusing with alkaline carbonates (Hjortdahl). 

III. Fusing with alkaline hydroxides. 

IV. Fusing with alkaline or earthy chlorides (Hjortdahl). 

V. Precipitation of solutions of salts with alkaline hydroxides 
(Watts). 

VI. Dissolving the hydroxide in strong solutions of sodium or 
potassium hydroxide and precipitation by dilution or by neutral- 
ization with an acid. 

The process used by Ebelmen was not applicable with zirconia 
because that oxide does not dissolve in boron trioxide. The 
second and third processes given above, gave the most successful 
results. Water and dilute acetic acid were used to dissolve the 
alkali from the zirconate. 

In the work on the lanthanates, those two methods, which were 
most successfully used by Venable and Clarke, were applied with 
some alterations, as will be noted in the detailed account which 
follows. Water was found useless as a washing medium, as, 
with the exception of the sodium tetra-lanthanate, the other bodies 
appeared to be decomposed. Acetic acid dicsolved the lanthania 
and supposed lanthanate with equal ease, but it was used effectively 
in the preparation of the lithium lanthanate. Alcohol was used 
in most of the experiments, and, as far as could be seen, had little 
action on the product. In the case of the fusion of lanthania and 
barium hydroxide, a solution of ammonium chloride in water 
was used to dissolve out the remaining barium hydroxide. 

The lanthanum compounds used were prepared from a 
quite pure lanthanum ammonium nitrate, generously loaned 
by H. S. Miner, of the Welsbach Lighting Company. The 
hydroxide was prepared from this compound by precipitation 

1 This Journal, 18,5; Chem. News, 74, 42 and 54 (1896). 
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with ammonia and washing until free from that volatile alkali. 
As is well known, lanthanum hydroxide readily absorbs carbon 
dioxide from the air; hence it was kept covered with water most 
of the time, filtered and used fresh in each experiment. The 
oxide used was obtained by igniting the hydroxide obtained in 
platinum. Very concentrated solutions (nitrates and chlorides, 
neutral and acid) of varying thicknesses gave no absorption 
bands, showing the absence of certain of the rare earths that are 
likely to be present. 

The analyses of the preparations were made by dissolving a 
definite quantity of the dried body in hydrochloric acid, precipi- 
tating the lanthanum hydroxide with ammonium hydroxide. The 
precipitate was thoroughly washed, burned and weighed as lan- 
thanum oxide. The filtrate was evaporated to dryness and the 
alkalies or alkaline earths converted into sulphates and weighed 
as such. When water was determined, the material was ignited 
in combustion tubing and the moisture collected in a tared calcium 
chloride tube, dry air being drawn through. In several cases, 
either the washing medium failed to remove all of the carbonate 
used in the fusion, or some carbonate was formed when the ma- 
terial was exposed to the air. The carbon dioxide was deter- 
mined in the ordinary alkalimeter by evolution and absorption. 


EXPERIMENT I.—DI-SODIUM TETRA-LANTHANATE, Na,La,O,. 


Two grams of lanthanum oxide and eight grams of sodium 
carbonate were kept in a state of fusion for three hours. The 
reaction was carried out in a platinum crucible at the temperature 
of a blast lamp. At the end of the fusion, it was specked with 
small yellowish particles and white crystals were formed. The 
mass was treated with water until the wash-water was no longer 
alkaline, corallin being used as indicator. The white crystalline 
undissolved body remaining was dried at 100° and, on analysis, 
gave the following results: 





Lanthanum oxide -...-.eeseee acces SECO 
CaS AGI c.cedes.c as wadereces ous 8.00 
Carbon dioxide. ....: seccceeecccees 2.50 
Water (by difference) .--..-+ +++. 1.50 

100.00 


The carbon dioxide was very probably in combination as lantha- 
num carbonate, La,(CO,)3, as sodium carbonate would have 
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been removed by the wash-water. Accounting for the carbon di- 
oxide as being present in this form, we have 8.64 per cent. of this 
carbonate or 91.46 per cent. of lanthanum and sodium oxides and 
water. Disregarding the water and revising the calculations, we 
have 


Lanthanum oxide «...... 6+ sccccvccee 90.99 
ahi e hate. oc | Eee a ee eae Eee oe 9.00 


or the ratio 2:1, 7. ¢., Na,La,O,;, di-sodium tetra-lanthanate, sim- 

ilar to the boron compound. 

EXPERIMENT II.—HYDRATED MONO-SODIUM POLY-META-LANTHA- 
NATE. 

Two grams of lanthanum oxide and 8 grams of sodium hy- 
droxide were digested in a silver dish on a water-bath for thirty 
hours. A white mass, almost insoluble in water but decomposed 
by it, was obtained. Alcohol was used and the unchanged sodium 
hydroxide washed out; but not all of the sodium carbonate pro- 
duced by the absorption of carbon dioxide from the air. The 
body gave, on analysis: 


Lanthanum oxide ...--cccccecccces 79.60 
Nar Tata ERMINE 0. ca’ gia.0l's ates calc iets acces 2.80 
CAPDOMIGIOMIGS :0:0:4.65 scisaeie oss Nessie 3.00 
Water (by difference) ..--. +++. .++- 14.6 


Providing for the carbon dioxide as in the first experiment, we 
have NaH,La,;O,,.4H.O, comparable to the poly-meta-stannates in 
which one of the hydrogen atoms appears to have been replaced 
by the metal sodium. 

EXPERIMENT III.—HYDRATED MONO-LITHIUM POLY-META-LANTHA- 
NATE. 

Two grams of lanthanum oxide and eight grams of lithium 
carbonate were fused in a platinum crucible for five hours. Much 
difficulty was experienced in washing out the alkali, which was 
eventually remove by careful treatment with 5 per cent. acetic 
acid. The acid was subsequently removed by means of alcohol. 
A small amount of material insoluble in hydrochloric acid was 
found when it was examined. The analysis of the white body 
gave the following results: 


Lanthanum oxide ........cceesees - 82.9 
PMRNORUE Jacicieciosiecls: Keikeeaess 1.2 
Carbon dioxide ....... Baier ee nisi sTaleters 4.3 
BOE nieces % caca-a wa: eie 9:siieis sinew: levee elere/s 9.8 
Body insoluble in hydrochloric acid. 1.3 
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Allowing carbon dioxide to be combined in the form of lantha- 
num carbonate, as all of the lithium carbonate was washed out 
with the acetic acid, we have LiH,La;O,,.2H,O similar to the 
above, with the exception of having 2 molecules of water instead 
of 4. 

EXPERIMENT IV.—HYDRATED MONO-POTASSIUM POLY-META-LAN- 
THANATE. 

Two grams of lanthanum oxide and 16 grams of potassium hy- 
droxide were digested in a covered silver crucible on a water-bath 
for thirty hours. It was leached with alcohol, as it was found 
that water decomposed the material as in the case of the sodium 
hydroxide digestion. The white body gave, on analysis, the fol- 
lowing results: 





Lanthanum Oxide «. 2.00. cee. sees 79.50 
POtassititlt OSIE< << 6606 cccscanscess 2.53 
(Cavities CAUNRIINES soos 6s ced orwaanees 0.40 
WAN GE onc ised co teie tcataacuecaues 18.69 

IOI.12 


which approximates the formula KH,La,,O,,.15H,O. 
The body without doubt was decomposed during the washing; 
hence no value can be attached to the results obtained by analysis. 


EXPERIMENT V.—CALCIUM COMPOUND. 

An attempt was made to fuse calcium carbonate with lanthanum 
oxide, but such great difficulty was experienced in making the 
fusion and removing the unchanged calcium salts that the experi- 
ments were discontinued. 


EXPERIMENT VI.—BARIUM POLY-META-LANTHANATE, 
Ba(H,La,O,;) >. 

Barium hydroxide was substituted for the sodium hydroxide and 
the digestion carried out as in the first experiment. A concen- 
trated water solution of ammonium chloride was used for leaching. 
The body obtained gave, on analysis, 


Lanthanuttl O10 <«<<.62 cccccccecs 75.97 
Barium oxide..... deeetedeacmurns 6.05 
Cathet GiGmiGe 6 cece cesce ccseente 4.8 
0 ee eee er 14.9 
99.72 


or, disregarding the carbon dioxide, we have Ba(H,La,O,,)>. 
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As a result of these experiments, it appears that a number of 
bodies, quite complex in character, may be had, which seems to 
show the existence of a series of compounds of lanthanum which 
may be termed meta-lanthanates or poly-meta-lanthanates. At 
the same time it is quite evident from this and other work which 
immediately follows, that the methods are not suitable as a means 
of separation of these rare earths, and really little value can be 
attached to the above. 

A per-lanthanate, or hydrated peroxide, La,O,.r.H,O, was ob- 
tained by fusion with sodium peroxide. Such a body has already 
been reported by Melikoff and Pissarjewsky.* 
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THE THERIIAL EFFICIENCY OF A ROTARY CEMENT KILN.’ 


By JOSEPH W. RICHARDS. 


Received December 1, 1903. 
THE following tests and results were obtained on a rotary ce- 
ment burner, 60 feet long by 6 feet external diameter, fired by 
pulverized bituminous slack coal, at the plant of the Dexter Ce- 
ment Company, at Nazareth, Pa.* 
The ground cement mixture has the following composition : 


Per cent. 
TO I DOr ar aera ere eee Kame 13.38 
Aluminum oxide 

is A i PO RT TET = 6.04 
Ferric oxide ) 
POPUPS EUR Te ab 1c | Ame a een ame ren 41.96 
Magnesium oxide .........-. ecccees 1.53 
Carbon dioxide ..... cece cece veces 34.65 
DAEIEO «ois: 5 5-dle oo wrereone prune Ae ahinte 0.43 
The burnt cement clinker contains: 

Per cent. 
Sh tc Te sowie eaxsltete *. 21.27 
AD aN ATE OMICS: «/s:6 60/6 0i< isis 800506 6.42 
POHIC GEG) .ac0 osensetieae dees eae 3.18 
Caleitnt OXIde 0:00:00 osiceesicces cescee 66.70 
Magnesium oxide .......+.... coeee 2.43 


1 Zischr. anorg. Chem., 21, 70. 

2 Read before the Lehigh Valley Section of the American Chemical Society, in Gayley 
Hall, Lafayette College, Easton, Pa., November 18, 1903. 

3 The writer wishes to thank Mr. Brobst, manager, and Mr. Meade, chemist of the 
Company, for their codperation, and Mr. W. S. Landis, instructor in metallurgy at Lehigh 
University, for his assistance in making the measurements and analysis of the gases. 
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The bituminous slack coal from Fairmount, W. Va., analyses: 


Per cent. 


WEGIStGEs 6 <6 bcs hace dcccemecusaees 0.60 
Volatile combustible matter........ 38.10 
Biweel CALDOG accede nenccncese Jee4 53.24 
pena nen ee a eee 8.06 


The following ultimate composition of the coal was assumed 
from average analyses of coal from that region of similar prox- 
imate composition : 


Per cent. 
Oe iat) OUR E POCCCCCH LCE Cs COPEL 73.60 
FEV ORORCD ian cise 6 cenwlsare ne dsc ees ear 5.30 
Nitrogen .-ccesecese cece coer cccccs 1.70 
Sulphur ......... FC ry eee 0.75 
OXYZEN oo ee cccerscces secs eves cece 10.00 
WEOSGUUIGE oo: dele siasidic wiv. cweneoees teas Oe 
PESIM crsvslarsiaisio calnatecee siesaleree newelewd 8.05 


The kiln turns out an average of 3635 pounds of clinkered ce- 
ment per hour from 5980 pounds of mixture fed to it, producing 
200 pounds of flue dust, equal to 3.35 per cent. of the weight of 
mixture charged. 

The coal used averages 110 pounds per barrel (of 380 pounds) 
of cement produced, a quantity practically equal to 50 kilograms 
per barrel, or 2 barrels per 100 kilograms of coal. On account of 
the convenience of making calculations in the metric system, and 
of the coincidence noted above, the calculations will all be made 
on the basis of 100 kilograms of coal used, or per 2 barrels of ce- 
ment made. 

EXPERIMENTAL DATA. 


Temperature of the clinker falling out of the lower end of the 
kiln, measured by the Le Chatelier. pyrometer, 1200° C.= 2192° F. 

Temperature of the waste gases in the chimney, 4 feet from the 
upper end of the kiln, 820° C. = 1508° F. 

Sensible heat in the clinker leaving the kiln at 1200° C., meas- 
ured by a calorimeter: kilogram calories per kilo 290; British 
thermal units per pound, 522. 

Composition of the waste gases in the stack: 


Per cent. 


Casrhett CHORIOG idee dio sicesa wens cues 10.2 
OXYQZEN cece eee cece ee cece ee cece cece 11.8 
AEE SIGASOEIEION <aio-< esse a ate eee 0.2 
Sulphur dioxide ) 

Water Serer not determined 


Nitrogen } 
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Temperature of the atmosphere, 20° C. ; saturated with moisture. 
CALCULATIONS, 

The object of the tests and calculations is to make a balance 
sheet of the heat generated within the kiln, and of its distribution, 
to find out the temperature of the hot gases which communicate 
their heat to the clinker, and the proportion of air used in excess 
of that theoretically needed for perfect combustion. 

The items of the heat balance sheet are: 

Heat Developed. 

(1) Theoretical heating power of the fuel. 

(2) The chemical heat of combination of the ingredients form- 
ing the clinker. 

Heat Distribution, 

(1) Heat in hot clinker. 

(2) Heat in chimney gases as sensible heat. 
) Heat in flue dust as sensible heat. 


(3 

(4) Heat lost by imperfect combustion. 

(5) Heat required to expel moisture from charge. 

(6) Heat required to expel carbonic acid from carbonates. 
(7) Heat lost by radiation and conduction (by difference). 


Heat Developed. 

(1) Theoretical Heating Power of the Fuel.—This was calcu- 
lated from the proximate composition by the formula of F. Haas, 
published in Vol. II of the Report of the Geological Survey of 
West Virginia.t. This calculation should be within 1 per cent. of 
the actual calorimetric value of the coal and gives: 

Calorific power of 1 kilogram in kilogram calories, 7,900; calo- 
rific power of 1 pound in British thermal units, 14,225. 

(2) Heat of Formation of the Clinker—There was formed, per 
100 kilos of coal burnt, 2 barrels, equals 760 pounds or 345 kilos 
of clinker. This contains, from its analysis, 


Kilos. 
BUCS ac a1p 010s saree nico eaes 230. 
Magnesium oxide ....-.seseeeeeeee 8.4 
PARSE ARMERIT ain cos aa seve/ as oo 9o neiec eae . ‘fo 


The assumption is now made that these occur as carbonates in 
the charge,and that the heats of combination with silica or alumina, 


1 Mines and Minerals, September, 1903. 
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to form silicates or aluminates, are 591 calories per kilo of lime 
and 827 calories per kilo of magnesia, as derived from the heats 
of combination given by Berthelot, in his ‘““Thermochimie,” Vol. II. 

The heat of formation of the clinker, when heated up to the tem- 
perature at which combination takes place, is therefore 





a Calories. 

Mer the Mine: scdccwecccccecaecns 230 X 591 = 135,930 
For the magnesia-..... aneaaes 8.4 X 827= 6,889 
Totals cae cccacs soos 142,819 


Heat Distribution. 

(1) Heat in the Hot Clinker.—A calorimeter containing 790 
grams of water, was held under the outlet, and 95 grams of hot 
clinker caught in it. The weight of clinker used was determined 
after the experiment by filtering out the clinker, drying, heating 
to redness and weighing. The clinker at 1200° C. heated the 
water from 20.5° to 54.5°, a rise of 34°, thus giving out, in fall- 
ing to 54.5°, (790 X 34) +95 = 283 gram-calories per gram of 
clinker. As the prevailing outside temperature, used as a base, 
was 20° C., the clinker would have given out more than 283 
calories had it fallen to 20°. Assuming its specific heat in this 
range as 0.20, the correction is 0.20 X 35 = 7 calories, and the 
total heat in the clinker above 20° C. is 283 + 7 = 290 calories. 

The total heat in the hot clinker made is therefore 290 X 345 = 
100,050 calories. 

It may be remarked that the mean specific heat of the clinker 
between 20° C. and 1200° C. is 290 + 1180 = 0.246. 

(2) Heat in Chimney Gases as Sensible Heat.—Analysis shows 
the gases to contain in 1 cubic meter, 0.102 cubic meter of carbon 
dioxide and 0.002 cubic meter of carbon monoxide, or, together 
0.104 cubic meter of the two gases, which each contain 0.54 kilo 
of carbon per cubic meter. Therefore we have in gas measured 
cold: carbon in I cubic meter of chimney gas — 0.102 X 0.54 = 
0.05616 kilo. 

The carbon going into the gases per 100 kilos of coal burnt is as 
follows : 





Kilos 
Carbon in 100 kilos of coal, by analysis. ..-. +++. -+++ eee 73.6 
Carbon expelled from the charge as CO,: 
From calcium carbonate...--- 230. >< */,. == 40.3 
From magnesium carbonate -. 8.4 « ™/4 2.5 P 
51 


Total going into the gases ...+...++++ eee seeee 125.4 
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Therefore, volume of gas per 100 kilos of coal burnt, is 125.4 + 
0.05616 = 2233 cubic meters of gas, as analyzed, calculated dry. 
Of this gas, 10.2 per cent. is carbon dioxide, 0.2 per cent. carbon 
monoxide, 11.8 per cent. free oxygen, and, by calculation, only 
0.025 per cent. of sulphur dioxide, leaving 77.8 per cent. of nitro- 
gen = 1737 cubic meters of nitrogen in the gases. Sulphur di- 
oxide in the gas, from 100 kilos of coal = 0.75 XK 2/2.88 =0.5 
cubic meter. Water in gas, per 100 kilos of coal burnt: 


Cubic meters, 


In charge....0.sssecccece 568 kilos < 0.0043 = 2.44 kilos = 3.0 
TRUCOAL 3s o.wsinic! sevens dicen 100 kilos 0.0060 = 0.60 kilos = 0.7 
From hydrogen in coal -.--100 0.0530 K 9 = 47.70 kilos = 58.9 
PLO Water 100 AIT .<.0:006 aiv.erisis-eee och PBS OX Ohne X hag = OaA 

POM os Goce os <p acwe 128.0 


Total gases per 100 kilos of coal burnt: 


Cubic meters. 


Nitrogen -...e. cecececececscccecees 1737 
OXYZEMN oo cece cece cece cece cecees 263 
Carbon: MONOZIGE + :<siv'0.0:6:00 <2 secces 4 
Carbon dioxide +036 \sicecncsikic sccess 228 
Water Vapor. ..ee cece cece cece ceeees 128 


The mean specific heat of these gases is, from the experiments 
of Mallard and Le Chatelier, per cubic meter (at standard condi- 


tions) : 
Nitrogen, oxygen, carbon monoxide ....... 0.303 -+- 0.000027 ¢ 
ap aaata IO STCAD 5 \65055:070: 01414 c'sicieie wii’ orn ie wees 0.37. + 0.00027 ¢ 
i cct0d SADC CAA SANE ONSEN ERA OOD GOES 0.34 0.00015 ¢ 


The mean specific heats of these gases, between 20° C. and 
820° C., can therefore be calculated, and these, multiplied into the 
volumes of gases escaping, measured at standard conditions, gives 
the sensible heat going up the chimney, per degree of temperature 


of the gases: 
Cubic meters. 


Nitrogen........2+-++- 1737 
Oxygen. ...-sc0e: csees 263 
Carbon monoxide ..... 4 


2004 X 0.325 = 651 
Carbon dioxide........ 228 X 0.591 = 135 
DEE cctn ccnnnedieacae 128 0.463 == 5p 


845 X (820— 20) = 676,000 calories. 
Of this total, a very large part is carried by the air used in ex- 
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cess of that needed for perfect combustion. Practically perfect 
combustion can be attained with a much smaller excess of air 
than is used above. Of the 263 cubic meters of oxygen, 2 would 
be needed to burn the carbon monoxide completely, leaving 261 
cubic meters used in excess. This carried in with it 988 cubic 
meters of nitrogen and 39.5 cubic meters of moisture, and there- 
fore carries out the following amounts of heat. 


Cubic meters. 


Nitrogen ---.+-++---- 261 
OXYQZeN +e eee eee eeeee 988 
1249 XX 0.325 = 406 
Watere-cee coscccece 36.5 < 0463. — 14 
420 » (820 20) = 336,000 calories. 


Leaving, as carried out by the normal gases produced, if no ex- 
cess of air were used, 676,000 — 336,000 = 340,000 calories. 

It is interesting to note that the ratio of air actually admitted, 
to air actually used, is as the nitrogen in the gases (subtracting 
that in the coal) to the nitrogen in the proper products of com- 
bustion, viz., as 1735 to (1735 — 988), or as 2.32 to I. 

(3) Heat in Flue Dust.—There are 12 kilos of dust carried out 
per 100 kilos of fuel burnt, carrying out, therefore, 

12 X 0.22 < (820°-20°) = 2,112 calories. 

(4) Heat Lost by Imperfect Combustion—There are 4 cubic 
meters of carbon monoxide escaping unburnt, causing a loss by 
imperfect combustion of 

4 3062 = 12,248 calories. 

(5) Heat Absorbed in Evaporating the Water of the Charge.— 
The charge contains 2.44 kilos of water per 100 of fuel burnt. 
We have already allowed for the sensible heat which this carries 
out, and need here allow only for the heat required to convert it 
into vapor, which is 593 calories per kilogram at 20° C. 

2.44 X 593 = 1,446 calories. 
(6) Heat required to expel carbon dioxide from carbonates.— 


Kilos. 
Carbon dioxide from calcium carbonate..... = 49.3 * */), 180.8 
Carbon dioxide from magnesium carbonate-. = 2.5 « */),= 9.2 


To expel 1 kilo of carbon dioxide from calcium carbonate re- 
quires 990 calories, and from magnesium carbonate 407 calories, 
according to Berthelot’s “Thermochimie.” 
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Calories. 
180.8 & 990 = 17,896 
9.2 X 407 = 3,732 


Total, 21,628 





(7) Heat Lost by Radiation and Conduction.—This might be 
experimentally determined, but only approximately. It is best 
found by the difference between the heat generated and the sum 
of all the other items of heat distribution. 


RECAPITULATION. 
Heat Generated.— 


Calories. 
(1) Theoretical heating power of the fuel..........- seeee+ 790,000 
(2) Heat of combination of the ingredients forming clinker 142,819 











Ifo 7) eee eee tre 932,819 
Heat Distribution.— 
Percentage 
Calories. of whole. 
(1) Heat in the hot clinker. ..............206. 100,050 = 10.7 
(2) Heat in the chimney gases : 
(a) Inthe excess air admitted..... 336,000 = 36.0 
(6) In the necessary products. ..-- 340,000 36.1 
- 676,000 =—— 72.1 
(3) Heat in flue dust... ...e secede cece cee ceee ania 0.2 
(4) Loss by imperfect combustion ..........+. 12,245 — 1.3 
(5) Evaporation of water of charge ........--- 1,446 = 0.2 
(6) Expulsion of carbon dioxide fromcarbonates 21,628 23 
(7) Loss by radiation and conduction......... 1P9;405'=—= 12.8 
932,819 


REMARKS. 


The interesting facts brought out by the above analysis are the 
following : 

(a) The combination of the ingredients of the cinder evolves 
a large quantity of heat, equal to 18 per cent. of the heat devel- 
oped by the combustion of the coal. This quantity is surprisingly 
great, but is a reality from the chemical standpoint; and, more- 
over, if it were left out of consideration there would be a deficit 
on the distribution side without making any allowance for loss by 
radiation and conduction. ‘The heat of chemical combination is, 
therefore, an important item in the development of heat which 
cannot be neglected. 

(b) The heat in the clinker represents only a trifle over one- 
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tenth of the heat developed in the kiln. This is a very low pro- 
portion for an industrial operation, and leaves large room for im- 
provement and economies where fuel is dear. 

(c) The great amount of heat carried out by the products of 
combustion and excess of air, amounting to nearly three-quarters 
of the total heat developed in the kiln, and over 85 per cent. of the 
calorific power of the fuel. This points to the greatest heat losses 
in the kiln, for if the temperature of the gases were reduced one- 
half by the use of a kiln approximately twice as long, the heat 
saved would amount to some 40 per cent. of the calorific power of 
the fuel. If the amount of air admitted were reduced to Io per 
cent. excess instead of 132 per cent. excess as it now stands, 
the heat carried out by the hot gases would be reduced in that case 
also by an amount equal to 4o per cent. of the calorific power of 
the fuel. If both economies were practiced at once, the saving 
might amount to over 60 per cent. of the amount of fuel used. 

(d) The loss by radiation and conduction is small, but might 
be considerably reduced at the lower end of the kiln by an asbestos 
lagging. This might not be practicable, however, if it resulted in 
the iron shell becoming too hot and being burnt out. 

(e) The amount of air admitted to the kiln is found by calcula- 
tion to be 132 per cent. in excess of that theoretically required for 
the perfect combustion of the fuel. 

TEMPERATURE OF THE FLAME. 

It is interesting to calculate what the maximum temperature of 
the mixed gases of combustion and excess of air can be in the kiln. 
The available heat of combustion of the fuel is 790,000 calories, 
and this is taken up by the products of combustion and the excess 
of air, viz: 


Cubic meters. 


Nitrogen .-....ee.seeeee 1737 

OXYQEM eee ee cece eeeees 263 > 2004 cubic meters. 
Carbon monoxide....... 4 

Carbon dioxide ........- 136 

Water vapor..-- +--+. 128 


The maximum temperature of the gases in the kiln is the tem- 
perature to which the 790,000 calories will heat these volumes of 
gas. Using the formulas for the specific heats of these gases, as 
previously used in this paper, the expression for the temperature 
becomes 
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ee 700 __ 
1 2004 [0.303 +-0.000027(¢+-20)] | +4136 [0.37-+-0.00027(/+20)]} 

+ } 128% [0.34+0.00015(¢+-20)] 
from which ¢ = 1000°. 

An extremely interesting fact is here brought out; viz., that the 
clinker, leaving the kiln at 1200°, is hotter than the mixture of 
gases in the kiln. It is its heat of combination which causes this, 
and which accounts for the anomaly. In fact, the heat of combi- 
nation probably heats the clinker even hotter than 1200°, in the 
interior of the kiln. In other words, when the ingredients of the 
cement are brought to their combination point by the gases in the 
kiln, a point practically about 1000° C., they ignite and combine, 
like a pile of anthracite coal igniting when heated to redness, and 
become, by their own heat of chemical combination, much hotter 
than the temperature to which the gases have heated them. 


METALLURGICAL LABORATORY, 
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DETERMINATIONS OF ALKALIES IN THE PRESENCE OF 
BORATES. 


By K. JACOBI. 


Received September 15, 1903. 

DissoLvE 2 grams of the substance to be determined in hydro- 
chloric acid, evaporate to dryness and bake for an hour. After 
cooling, add dilute hydrochloric acid, boil and filter off the silica. 
Precipitate iron oxide and alumina by slight excess of ammonia 
and the calcium oxide by ammonium oxalate. Precipitate the 
magnesia by ammonium phosphate and remove the excess of phos- 
phoric acid by adding pure ferric chloride to the solution and pre- 
cipitating the ferric phosphate with ammonia, which, of course, 
at least as re- 





will also remove the excess of iron. Generally 
gards deposits in this country—when borates occur in large 
amounts, there are no bases other than those mentioned. Should 
any sulphates be present, the sulphuric acid ought to be deter- 
mined separately and taken into account when the final calculation 
is made. Now evaporate the solution to dryness with 40-50 cc. 
of strong nitric acid and repeat a second time with 20 cc. to insure 
complete removal of ammonium salts. Take up in hydrochloric 
acid (strong), evaporate to dryness and repeat. After the second 
evaporation, add water, boil, filter into a tared platinum dish and 
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run slowly down to dryness. Place dish over a Bunsen burner 
and heat very gradually—it is best to have the dish covered—un- 
til finally it comes to a dull red heat, where it should be kept for ten 
minutes. This will render the boric acid anhydrous and expel the 
last traces of ammonium compounds, should any be left. Cool 
in a desiccator and weigh. 

The contents are: Anhydrous boric acid (B,O,), sodium 
(potassium) chloride and sodium borate (Na,B,O,). The exist- 
ence of the latter is explained by the following reaction, which 
takes place only at high temperatures: 

2H,,BO,+-2NaCl = Na,B,O,+-2HCl+2H,O. 

Next dissolve the contents of the dish in hot water, cool and de- 
termine the sodium existing in the borate by titrating with N/2 
sulphuric acid, using methyl orange as indicator. The total boric 
acid is now determined by titration with N/2 potassium hydroxide 
in the presence of an excess of glycerine and with phenolphthalein 
as an indicator. The sum of the boric acid and sodium oxide (in 
the borate) subtracted from the total weight of contents in the 
dish, gives the sodium chloride, from which sodium oxide is 
calculated (by multiplying by 0.53077) and added to the sodium 
oxide first determined by titration. If there is any potassium 
present, it must be determined in a separate portion. 


EXPERIMENTAL. 


Three samples of sodium carbonate of known composition 
were mixed with chemically pure boric acid, and hydrochloric acid 


was added. 


¥, II. III. 
Gram. Gram. Gram. 
Weight of sodium oxide in carbonate -- 0.0588 0.1176 0.2352 
Weight of boric acid (approximate).--- 0.1250 0.2500 0.5000 


These mixtures were evaporated to dryness in a platinum dish, 
heated gently at first, increasing very slowly until a low red heat 
was reached, where they were kept for ten minutes, after which 
they were cooled and weighed. 


I. II. EER. 
Gram. Gram. Gram. 
Total weight of contents .............- 0.1367 0.2941 0.6595 


Boiling water was next added, the dish cooled and the sodium 
oxide titrated with N/2 sulphuric acid with methyl orange as 
indicator. 








go 
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I. 
ce. 
Titrations: WELC: < 006% ieee vsce cess 0.70 
Gram. 
which, multiplied by factor 0.0155, 
gives sodium oxide......+-++++++- 0.01085 


II. 
ec; 
1.30 
Gram. 


0.02015 


III. 
ce. 

1.50 
Gram. 


0.01705 


Phenolphthalein was now added with excess of glycerine, and 
the solution titrated with N/2 potassium hydroxide. 


I. 

cc. 
MU tt AtIONSINVOLE 11 sia <:ere's sie bielisie-seceierete 2.55 
Correction for glycerine......+...+- 0.40 
ECAVING «60:8 sosieesicinse sieesve. cas 00's 2.15 

Gram. 
Which, multiplied by factor 0.0175, 

gives boric acid (B,O,) .-++++.++-- 0.03763 


ET, 

ce. 
5.60 
0.40 
5.20 

Gram. 


0.09100 


III. 
ce. 
13.80 
0.40 
13.40 
Gram. 


The boric acid and sodium oxide were then added together in 
each instance and their sum deducted from the weight of the 
contents in the platinum dish after dehydration. 


dia. 
Weight of contents in dish ........ 0.13670 
Sum of boric acid and sodium oxide. 0.04848 
Leaves sodium chloride ........+... 0.08822 
Multiplying by 0.53077 to convert 
into sodium oxide gives.........- 0.04682 
Sodium oxide found by titration.... 0.01085 
Total sodium oxide found .......... 0.0577 
Sodium oxide taken......+.-.-. eee. 0.0588 
Difference ‘<reeer tee eT Se See —O,.OOITI 


Below are given three analyses of different materials. 


II. 
Gram. 


0.29410 
O.IIII5 
0.18295 


0.09710 
0.02015 
0.1173 
0.1176 
—0.0003 


III. 
Gram. 


0.65950 
0.25155 
0.40795 


0.21652 
0.01705 
0.2336 
0.2336 
—0.0016 


It will 


be seen that the figures for sodium oxide, found by actual analysis, 
correspond well with those found by difference. 


3 
Carbonaceous matter...........-. Sa 
RRUIA CH —.% 215 3.d.0ie bh o4is ein cie be wrdigiw sisiee 14.88 
Alumina and iron oxide.......... 5.38 
RRS rare Sain. sty oS a ialele Spee ete eB 
Magnesia-.-.-.+-e+esee essere nee 0.10 
Ore ITI BRU 5/65 ors © 0.516.056.4600 es 5-12 
Sulphuric anhydride... .........- 1.19 
Boric anhydride ...+..+--+++++ eee 24.09 
RE oo are ororaicin's cco eioese eles 14.81 
Combined water .......sseeeeeeee 7.52 
Sodium chloride... 2... cece ccee 5.21 
Reet a tata ASERAEEE &..0:010:4;0:0: 5 :0)01016.9,0.0 soos 20.78 


II. 


0.19 
0.26 
26.96 
trace 
0.28 
49.87 
0.33 
21.91 
trace 
0.44 


III. 

0.63 
9.71 
1.86 
44.56 
3-65 
33-04 
0.20 

2.00 


2.36 
trace 


1.76 


ae 
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If the per cent. of the sodium oxide were taken by difference, it 
would be: 


I. Hy. III. 
Per cent. Per cent. Per cent. 
20.59 0.20 1.99 
Differences s.osve sets hose ncweses— 0.19 +0.24 0.23 


Another method is to drive off the boric acid by repeated evapo- 
rations with methyl alcohol and then to determine the alkalies by 
one of the ordinary methods, but it is open to the following 
objections : 

(1) The evaporation must be repeated six or seven times and 
even then there is some boric acid left. 

(2) It leaves an undesirable residue of carbonaceous matter 
which is very hard to get rid of. 

On this account I think the method first mentioned is to be pre- 
ferred. 


RAPID DETERMINATION OF BORIC ACID IN BORAX, 
By K. JACOBI. 
Received September 15, 1900. 

THE well-known method of titrating boric acid in the presence 
of glycerine depends upon the fact that solutions containing boric 
acid are neutral to methyl orange, but acid toward phenolphtha- 
lein and very distinctly so in the presence of glycerine. When 
titrated with alkali, after adding glycerine, the neutral point cor- 
responds to the conversion of the boric acid to a metaborate, 
K,B,O,. I have found that if glycerine is added to a solution of 
borax, the solution becomes acid toward phenolphthalein, and on 
titration, the neutral point corresponds to the formation of the 
metaborate, as before. It is evident that, in this case, just one- 
half as much alkali will be required as would have been required 
if all of the boric acid were in a free state. In practical effect, 
the reaction for titration is: 

Na,B,O,+2NaOH = 2Na,B,0,+H,0. 

The method is as follows: Dissolve 2 to 4 grams of borax in 
water, add excess of glycerine, a few drops of phenolphthalein 
and titrate with N/2 potassium hydroxide. Deduct the correc- 
tion for the glycerine from the number of cubic centimeters used 
and multiply by 0.0175. The product is one-half of the total boric 
acid present. Carbonates interfere with the end-reaction. 
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EXPERIMENTAL. 


The borax used was dried for some time so as to expel part of 
the water and make it rich in boric acid, after which it was thor- 
oughly mixed. Three samples of 2 grams each were first taken and 
worked according to R. T. Thomson’s method for the determina- 
tion of borax as it is given in Sutton’s “Volumetric Analysis.” 


Zr. II. ETE. 
ce. ce. ce. 
Titration with N/2 potassium hydroxide-- 49.90 49.90 49.85 
Correction for glycerine....-...-++-- ase) (O40 0.40 0.40 
TPO GOGS oe. 6. 6:0:4 6 5.450 Hine 5.9.0:0.6'0'915 6:0 016 0 #80 ea 49.50 49.50 49.45 
Grams. Grams. Grams. 
Multiplied by 0.0175 gives boric acid in 2 
QTAMS. 00sec ccccccccse cccsccecevcres 0.86625 0.86625 0.86538 
Percent. Percent: Percent. 
Or per cent. boric acid....-+...-++. wise 3.31 43.31 43.27 


Average per cent. == 43.30. 

Next, three samples of 4 grams each (so as to make the titra- 
tion about the same) were weighed out, dissolved in water, 
phenolphthalein and glycerine added. Of the last named, as 
much was used as in the three first samples, thus making the 
correction the same. The results were: 


I. II. III. 
cc. Ce: cc. 
Titration with N/2 potassium hydroxide-- 49.65 49.60 49.70 
Correction for glycerine..-. +++ sees eeeee 0.40 0.40 0.40 
LOavese cccce cccccsccccccccce cece ccccecs 49.25 49.20 49.30 
Gram. Gram. Gram, 
Multiplied by 0.0175 gives boric acid in 2 
grams (one-half boric acid in 4 
QZIAMS)- eee cece vecees cece eee sees 0.861875 0.86100 0.86275 
Percent. Percent. Percent. 
Or per cent. boric acid......seee sees eens 43.09 43.05 43.14 
Average per cent. = 43.09. 


Making a difference of —o.21 per cent. 

As can be seen from the above, all the results from the short 
method fall a little below the others, but this can be accounted for 
by the small amount of monoborate that is in most cases present 
in borax. 


re ge a 





THE ELECTRICAL CONDUCTIVITY OF URINE IN RELA- 
TION TO ITS CHEMICAL COMPOSITION. 
[SECOND PAPER. ] 
By J. H. LONG. 
Received November 18, 1903 
THE CONDUCTIVITY OF MIXED SOLUTIONS. 

In an earlier paper? I gave some illustrations of the variations 
in the conductivity of the urine through a period of several days, 
the urine being collected and examined at definite short inter- 
vals. As this conductivity depends mainly on the sum of the 
inorganic constituents present and as sodium chloride is the most 
abundant of these, the determination in itself has but a limited 
importance. In some cases the value of the conductivity would 
be merely a rough measure of the salt consumed with the food, 
and the salt consumption is extremely variable. 

Nearly all the other substances found in the urine have a sig- 
nificance very different from that of the salt. The latter is con- 
sumed and excreted as such, while the other important urinary 
constituents are products of metabolism, that is, of the breaking 
down of the digested and absorbed food materials. The organic 
products of metabolism are practically non-electrolytes or bodies 
with a very low conducting power; indeed the conductivity of 
a weak salt solution is materially lowered by the addition of urea 
and the effect of the purin bodies is practically in the same direc- 
tion. Aside from the chlorides, the inorganic salts of the urine 
are mainly phosphates and sulphates of the alkali or alkali-earth 
metals and these are made up largely from the oxidation of sul- 
phur and phosphorus of protein foods. We consume a certain 
amount of complex phosphoric and sulphuric acids in organic com- 
bination, in the lecithins and chondroitins for example, and small 
amounts of mineral sulphates and phosphates are also found in 
some of our foods, but these amounts are not large enough to 
vitiate the truth of the general proposition that the sulphuric and 
phosphoric acids as detected in the urine are results of certain 
kinds of metabolism. Now the conductivity measures the com- 
bined effect of these products of oxidation and, if it could be 
determined apart from the effect of the chlorides, a factor of 
considerable practical importance would be secured. In my 


1 This Journal, 24, 996 (1902). 
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previous paper | indicated how that may be done approximately 
and below I wish to present further data bearing on the matter. 

Approximately, the conductivity due to metabolic products may 
be found by subtracting from the observed conductivity that due 
to sodium chloride in the same solution. The chlorine may be 
accurately determined and calculated as chloride; then from 
tables the conductivity for a solution of this concentration may be 
found and used as a correction to be taken from the total ob- 
served conductivity, leaving the desired residual or meta- 
bolic conductivity. In this plan, however, an error is involved, 
because the conductivity of the chloride taken from the tables 
directly is that found in pure aqueous solution in absence of other 
salts, and is larger than the true conductivity of the chloride as it 
exists in the urine. It is necessary, therefore, to use as a correc- 
tion the value of the salt conductivity, not in aqueous solution, 
but in a solution of a concentration corresponding to that of 
urine. 

Several attempts have been made to measure the conductivity of 
mixtures of electrolytes and formulate the results. Most of the 
experiments have been made with dilute solutions and can not be 
used well in cases like the present one. The literature of the 
more important older determinations is given by Kohlrausch and 
Holborn,? while the more important recent discussions of the 
subject are those of Barmwater? and Wolf. While the experi- 
mental data of these papers is not available for use in what follows, 
some of the suggestions of a theoretical nature were found of 
interest. 

The non-electrolytes have some effect also, especially urea. The 
effect of urea on the conductivity of sodium chloride has been con- 
sidered in a paper by Hantzsch,* but the solutions used were much 
less concentrated than is urine, and the results, besides, somewhat 
irregular. I have therefore made some new experiments in this 
direction which will be detailed first. 


CONDUCTIVITY OF SODIUM CHLORIDE WITH UREA. 


The conductivity of a pure urea solution is very low. Most of 
the data given are for very dilute solutions. For 7 = 32 Triibs- 


1 “Leitvermégen der Elektrolyte,”’ p. 109. 
2 Barmwater: Zischr. phys. Chem., 28, 424. 
3 Wolf: /b7d., 40, 222. 

4 Hantzsch: Zischr. anorg. Chem., 25, 332. 
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bach? gives J=0.08, which is probably high. From a much 





stronger solution, 5 grams to 100 cc., or v=1.2, I find 
« = 0.000012 or 4=0.0144. The urea used for this purpose 
was a product of great purity and the determination was made 
with fresh distilled water carefully prepared and stored to avoid 
outside contamination. This value is probably only a maximum. 
The work of Trtbsbach shows a remarkable dissociation change 
or increase in the conductivity in his dilutions. Between v = 32 
and 256 liters the 4 change is from 0.08 to 0.28. It will be seen 
below that such small values may be neglected in comparison with 
the conductivity of the other important urinary constituents. 

Now as to the influence of the urea on these conductivities. In 
the paper by Hantzsch, referred to above, the molecular con- 
ductivity given for mixtures of sodium chloride with increasing 
amounts of urea are so irregular as to lead to the conclusion that 
the urea employed could not have been pure but must have con- 
tained some inorganic salts, as is usually the case. The first effect 
is, apparently, an increase in conductivity with addition of urea, 
followed by a decrease, which, however, is not marked. I have 
made several determinations with solutions of different urea 
strengths, with the following results. A standard salt solution 
was made containing 18 grams in 500 cc. This solution was 
made and used with precautions to secure the greatest accuracy. 
All the tests given below are based on this or similar solutions. 
50 cc. of this solution diluted to 100 cc. gave, at 20°, as a mean of 
many close tests, 

k= O.O27355 

Two dilutions were made with 50 cc. of the standard solution, 
2.5 grams of urea being added in each case, and the volume di- 
luted to 100 cc. At 20° I found 





(i awes aecees wssiec tk —— GLOaGes 
(2)eececeeseceseeeee kK = 0.02684 
Weatii<s-sicccsces-so, == Oz6esn 


The decrease in « is here 0.000480. With a solution containing 
the same amount of salt and 1 gram of urea in 100 cc., I found 





(1) ececeeee cocecees K = 0.027126 

tee 
(Di ciwascccescdcace” Mi — @.00pI2e 
DEGRA ciccinnsccenss 0.027127 


! Triibsbach: Zéschr. phys. Chem., 16, 708. 
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The loss for the gram of urea is here 0.000188. ‘The influence 
of the urea is therefore marked, the decrease in conductivity for 
the stronger urea solution being 1.76 per cent. and for the weaker 
0.68 per cent. For 1 gram of urea and 2.5 grams of sodium chlo- 
ride in 100 cc. the decrease in conductivity is about 0.00019, the 
results for the two solutions agreeing closely. 

CONDUCTIVITY OF SODIUM CHLORIDE WITH OTHER SALTS. 

To find the effect of other salts on the conductivity of the 
sodium chloride, I have taken as illustrations ammonium sulphate 
and sodium phosphate. A sulphate solution containing 9 grams 
in 500 cc. was prepared and the conductivity of this first deter- 
mined in a cell having a capacity C = 8.368. The conductivities 
were found in a number of dilutions of this ammonium sulphate, a 
cell having a capacity C = 2.835 being used for the weaker solu- 
tions, the final volume of the dilution being always 100 cc. by 
addition of pure water. Then in a second series of tests a con- 
stant volume of sodium chloride solution was used, from the solu- 
tion with 18 grams to 500 cc., along with the ammonium sulphate, 
the salt amounting in each case to 1.8 grams in the final volume of 
too cc. The table below gives the composition of the mixtures 
and the conductivities found. Some further determinations were 
made with stronger sulphate solutions, the results being necessary 
for the calculation finally required. The Kohlrausch method was 
followed. A large bridge with wire corrections known, was used 
throughout and a standard temperature of 20° maintained. 

TABLE I.—SoODIUM CHLORIDE AND AMMONIUM SULPHATE. 


NaCl solution = 18 grams to 500 cc. 
(NH,),SO, solution = 9 grams to 500 cc. 


(NH4)eSO4 NaCl Sum of 
solution. solution. Water Koo conduc- 
ice, ce. ce. observed. Avo. tivities. 

5 ee 95 0.001604 BIG  =«§«- Sw iainie 
10 wie 90 0.003023 MEO neces 
20 oe 8o 0.005694 104.6 = ww eee 
30 .- 70 0.008100 99-1 —_ rs eeeee 
40 Pers 60 0.01956 96.9 geeree 
50 + 50 0.01275 93-6 == wa eeee 
5 50 45 0.02839 see 0.02892 
10 50 40 0.02935 iat 0.03033 
20 50 30 0.03151 tee 0.03300 
30 50 20 0.03350 eee 0.03541 
40 50 Io 0.03560 eas 0.03787 
50 50 fe) 0.03742 tee 0.04006 


50 50 0.027315 me 
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With stronger ammonium sulphate solutions I have found the 


following data: 
TABLE Ia.—AMMONIUM SULPHATE. 
(NH4)2S04. eat 


Grams per liter. observed. Ano. 
15.0 0.01965 86.5 
20.0 0.02600 85.6 
25.0 0.03140 82.9 
30.0 0.03651 80.3 
33.0 0.03950 79.0 
35.0 0.04150 78.3 


The conductivity found for the mixtures is seen to be consider- 
ably below the sum of the conductivities observed separately. 
The same is true for the next mixtures containing sodium chlo- 
ride and phosphate. Here the same chloride solution was em- 
ployed containing 18 grams to 500 cc., the dilution, by mixing, 
giving therefore always resultant products with 1.8 gram to 100 
cc., or 18 grams to the liter. The phosphate solution was made 
with 20 grams of the ordinary salt, HNa,PO,.12H,O, twice puri- 
fiel by crystallization, dissolved to make 500 cc. The volumes 
of this taken gave finally in the mixtures made 2, 4, 6, 8 grams, 
and so on, to the liter. Some stronger phosphate solutions were 
also investigated as the data were needed for certain reductions to 
follow. These figures are not given in the Kohlrausch tables 
quoted above. 

TABLE II.—SopIuM CHLORIDE AND SODIUM PHOSPHATE. 
NaCl solution = 20 grams to 500 cc. 
HNa,PO,.12H,O solution == 18 grams to 500 cc. 


HNaoPO,. 
12H.O. NaCl 

solution. solution. Water. Kop Sum of 

ce. cc. ce. observed. Ano. conductivities. 
5 + 95 0.000925 82.8 
IO ne go 0.00175 78.3 
I5 .- 85 0.00251 75.1 
20 . 80 0.00323 72.4 
25 ee 75 0.00394 70.5 
30 os 70 0.00462 68. 
40 ee 60 0.00590 66.0 
50 Ss 50 0.00720 64.4 
5 50 45 0.02779 vee 0.02824 

10 50 40 0.02825 oe 0.02906 
15 50 35 0.02869 vee 0.02982 
20 50 30 0.02921 ars 0.03054 
25 50 25 0.02977 see 0.03125 
30 50 20 0.030TI fai 0.03193 
40 50 Io 0.0311 see 0.03321 
50 50 oO 0.03199 vee 0.03451 


50 50 0.027315 








98 J. H. LONG. 


With the stronger phosphate solutions I found the following 
values : 


TABLE IIa.—SODIUM PHOSPHATE. 


HNa2PO4.12H2,0. Koo 
Grams per liter. observed. Ado. 
25.0 0.00880 63.0 
37-5 0.01245 59.4 
50.0 0.01567 56.1 
62.5 0.01868 53-5 
75.0 0.02152 51.4 
100.0 0.02650 47.4 


Having found the effect of certain weights of urea, sodium 
phosphate and ammonium sulphate, mixtures were made contain- 
ing the three substances at the same time with sodium chloride. 
Two solutions were used, one with 18 grams of the chloride to 
500 cc., and the other with 9 grams of ammonium sulphate, 20 
grams of sodium phosphate and 25 grams of urea to 500 cc. This 
in the table below is described as “mixture.” Certain volumes of 
these solutions were then taken to make 100 cc. as shown in the 
tables, and the conductivities found. 


TABLE III.—SopIuM CHLORIDE AND MIXTURE. 


NaCl solution = 18 grams in 500 cc. 


(NH,).SO, 9 grams in 
HNa,PO,.12H,O > mixture |x grams in lass ce: 
CON,H, 25 grams in 
Sum of Sum of 
NaCl conductivities, conductivities 
Mixture. Sol. Water. Kao. salt and taken 
ce. Ge: oc. observed. mixture. separately. 
5 as 95 0.00234 
Io .- go 0.00436 
15 .- 85 0.00622 
20 .- 80 0.00797 
30 o- 70 0.01136 
4o oe 60 0.0144! 
50 oe 50 0.01733 
5 50 45 0.02873 0.02965 0.02984 
fe) 50 40 0.03031 0.03167 0.03209 
15 50 35 0.03170 0.03355 eer 
20 50 30 0.03309 0.03528 0.03624 
30 50 20 0.03559 0.03867 0.04003 
40 50 Io 0.03811 0.04172 0.04377 
50 50 oO 0.04052 0.04464 0.04726 
50 50 0.027315 
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Expressed as grams per liter, the solutions finally used contained 
as follows: 


Mixture. NaCl. NH4.S04. HNaePO,4.12H20. CON2H,. 

ce. Grams per liter. Grams per liter. Grams per liter. Grams per liter. 
5 18 0.9 2 2.5 

10 18 1.8 4 5.0 

15 18 7 Ay 6 7.5 

20 18 3.6 8 10.0 

30 18 5.4 12 15.5 

40 18 7.2 16 20.0 

50 18 9.0 20 25.0 


In the last mixtures we have a complex case in which the con- 
ductivities of each of the four constituents are modified by the 
presence of all of the others. The resultant observed conductiv- 
ities are the sums of the modified individual conductivities. It 
will be noticed that in the stronger mixtures the observed conduc- 
tivities are about 10 per cent. lower than are the sums of the 
“mixture” and chloride conductivities taken alone. In the weaker 
mixtures, the discrepancies are naturally less. If we compare the 
observed values for the complete mixtures with the sums of the 
separate conductivities, the differences become very pronounced. 
For the strongest solution, the sum of the individual conductivities 
is over 15 per cent. greater than the value actually found for the 
mixture. This is in accord, of course, with what is well known 
about the conductivity of mixtures. The molecular or equivalent 
conductivity of a salt decreases with the number of molecules dis- 
solved and this change follows in nearly the same proportion 
whatever the character of the salts, as long as they exhibit approx- 
imately the same dissociation and do not act on each other chem- 
ically. In expressing the conductivity of a mixture as made up 
of the sum of component conductivities, we can use a formula of 
this kind: 

k = p74, a Put ss Putin4n + ete., 
in which p;, p31, P1131 are factors containing the effects of dissocia- 
tion and viscosity in modifying the normal J values. 4 here 
represents the equivalent (or molecular) conductivity and 7 the 
concentration. In the case in hand, and probably for many 
similar cases, a simpler method of calculation leads to good re- 
sults as the following will show. This is based on the assumption 
that in diminishing the conductivity of sodium chloride the addi- 
tion of a relatively small amount of ammonium sulphate or sodium 
phosphate has the same effect as the addition of the same number 
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of sodium chloride molecules, and on this assumption I have calcu- 
lated the modified conductivities in the following manner: If, 
using the Kohlrausch symbols, 4 is always the derived equivalent 
conductivity, « any observed conductivity and 7 the correspond- 
ing concentration in gram-molecules per cubic centimeter, then we 
have: 

K 

” 
or, if we take J from the tabulated results as known, 


4 


. 
’ 


K=N vA 
In the formula 7» corresponds to a given 4, since 4 is calcu- 
lated from a given 7 always. I have used the relation arbitrarily 
in a somewhat different way and have calculated « from a given 
n and a J corresponding to a greater 7. This use of J amounts, 
of course, to using a modifying factor, but a simple one. To 
illustrate, assume the following relation which I have found ex- 

perimentally for two salt solutions: 


Sol. n. Aco. 
A or A, +--+. 0.00005 99.92 
Biss ovievineueinieie 0.00010 96.07 


We may consider the second solution, B, as made up of two 
solutions, A and A, with 7 = 0.00005 for each. To find the con- 
ductivity of A in presence of A,, we have, following the assump- 
tion referred to above, 

K = 0.00005 X96.07. 
and for the conductivity of A, in presence of A, we have the same 
K = 0.00005 X 96.07, 
The sum of these gives the conductivity of B, or: 
«K = 0.0001 X 96.07 = 0.009607. 

Consider in general two substances A and B in concentrations 

given below under 7. 


y. 4. 
Substance A, C Ee 
C+a P, 
C+6 ie 
C+c¢ Phy 
Substance B, R p 
1 A 
Ry, Pu 
Rin Ain 
Rm pm 
Ri. Pun 


EI Nay Dar seo 


ae tees 
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a, 6 and ¢ represent the equivalent concentrations R, R,, R,, 
expressed in terms of C, so that C + a@ represents a con- 
centration of substance A equal to the sum of C+ R. The con- 
ductivity of substance A of concentration C in presence of sub- 
stance B of concentration R is given by k=7I=CP,. In 
presence of B of concentration R, we have « = C P,, and so on. 
Next consider the conductivity of substance B in varying 
proportions in presence of A in concentration C. R,», expresses 
the concentration of the sum of the substances considered in terms 
of R and is, of course, equivalent toC +a. The equivalent con- 
ductivity of substance B of this concentration is not, however, A 
but some other quantity as ~,,. The conductivity of B in concen- 
tration R in presence of A in concentration C is therefore R X pm. 
In the saric way R, X f, expresses the conductivity of B in con- 
centration: R, in presence of C, and R,, X ~ the conductivity of 
R,, (2 presence of C. We have then for the total conductivity 
the sum o. these modified conductivities, or, 


K=CP, + Rh» 
CPi, + Ripx 
CPi + Rupe, 


while the simple sums of the conductivities would be 


CP + Rp 
CP + Rip, 
CP + Ryfu- 


Similar relations will obtain for other mixtures of A and B. 

In the following table are given the calculated conductivities of 
mixtures of sodium chloride and ammonium sulphate similar to 
those employed in the experiments recorded, the method of calcu- 
lation being that just suggested. In the column headed “m sum” 
we have the values of C, C+ a, C+ B, etc., and under ‘‘4 sum” 
we have the equivalent conductivities, P, P,, P,,, etc. 


TABLE IV.—CONDUCTIVITY OF NaCl IN PRESENC® OF (NH,).SQ,. 


NaCl. (NH,4)oSO4 « from 
Grams Grams Sumas mfor NaCl. mforsum, A for sum n of NaCl 
per liter. per liter. NaCl. m=1000 yn. m=10007n. as NaCl. and A of sum. 
18 0.0 18.00 0. 3077 0.3077 88.7 0.027315 
18 0.9 18.80 sees 0.3214 88.2 0.02714 
18 1.8 19.60 ete 0.3350 87.7 0.02698 
18 3.6 21.19 sees 0.3623 87.2 0.02683 
18 5-4 22.79 sees 0.3895 86.7 0.02668 
18 fee 24.38 Paee 0.4168 86.1 0.02650 


18 9.0 25.95 dace 0.4441 85.6 0.02634 
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Table V is analogous to the above, but gives the conductivities 
of the sulphate in presence of the chloride by the same method of 
calculation. 


TABLE V.—CONDUCTIVITY OF (NH,),SO, IN PRESENCE OF NaCl. 


NaCl. (NH,4)2SO4. m for A for « from » of 
Grams Grams Sumas (NH4)oSO4. in for sum. sumas (NH,4)oSO,4 and 

per liter. per liter. (NH4)2SO4. m=10007. m=1000 7. (NH4)oSO4. A of sum. 

0.0 0.9 0.90 0.013636 0.013636 117.6 0.001604 
18 0.9 21 :2F 0.013636 0.3214 85.0 0.00116 
18 1.8 22.11 0.02727 0.3350 84.5 0.00230 
18 3.6 23.91 0.05454 0.3623 83.5 0.00455 
18 5.4 25.71 0.08182 0.3895 82.6 0.00675 
18 7.2 27.51 0. 10909 0.4168 81.5 0.00888 
18 9.0 29.31 0.13636 0.4441 - 80.6 0.01099 


By adding the separate « values, we obtain the values for the 
mixed solutions as calculated. These are shown in Table VI. 


TABLE VI.—CALCULATED AND OBSERVED CONDUCTIVITIES OF MIXED 
NaCl AND (NH,),SO,. 
NaCl. (NH4)2SO34. 


Grams per liter. Grams per liter. « calculated. « observed. Difference. 
18 0.9 0.02830 0.02839 0.00009 
18 1.8 0.02928 0.02935 0.00007 
18 3.6 0.03138 0.0315f£ 0.00013 
18 5.4 0.03343 0.03350 0.00007 
18 952 0.03538 0.03560 0.00022 
18 9.0 0.03733 0.03742 0.00009 


The differences are very low and are within the limits of errors 
of experiment. Similar observations made with mixed chloride 
and phosphate solutions are given in the tables following: 


TABLE VII.—CONDUCTIVITY OF NaCl IN PRESENCE OF HNa,POQ,. 


NaCl. HNaePO4.12H20. « from y 
Grams Grams Sum as mfor NaCl. mforsum. <Aforsum of NaCland 
per liter. per liter. NaCl, m=1000 9. m=1000 n. as NaCl. 4 of sum. 
18 2 18.653 0.3077 0.3189 88.3 0.02717 
18 4 19.307 sees 0.3300 88.0 0.02708 : 
18 6 gi9-961 us 0.3412 87.7 0.02698 i 
18 8 20.614 sees 0.3524 87.3 0.02686 ; 
18 10 21.268 asee 0.3636 87.1 0.02680 2 
18 12 21.922 sees 0.3748 86.9 0.02674 i 
18 16 23.229 sees 0.3971 86.4 0.02659 ; 


igen 


18 20 24.536 sees 0.4194 86.0 0.02646 
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TABLE VIII.—CONDUCTIVITY OF HNa,PO, IN PRESENCE OF NaCl. 


m for 
HNaePO,. 
12H,0. 
m=1000 7. 
O.O11I7 
0.02235 
0.03352 
0.04469 
0.05586 
0.06704 
0.08938 
0.11173 


A for sum as 


mforsum. HNagPQ,. 
m=1000 9. 12H,0. 
0.3189 54.6 
0.3300 54.2 
0.3412 53.8 
0.3524 53-5 
0.3636 53.1 
0.3748 52.8 
0.3971 Sak 
0.4194 51.4 


« from 7 of 
HNaePQ,. 
12H20. 
and 4 of sum. 
0.00061 
0.00121 
0.00180 
0.00239 
0.00297 
0.00354 
0.00466 


0,00574 


IX.—CALCULATED AND OBSERVED CONDUCTIVITIES OF MIXED 
NaCl aNnD HNa,POQ,. 


HNaePO,. 
NaCl. 12H20. Sum as 
Grams Grams HNagPQO,. 
per liter. per liter. 12H20. 
18 2 57.08 
18 4 59.08 
18 6 61.08 
18 8 63.08 
18 10 65.08 
18 12 67.08 
18 16 71.08 
18 20 75.08 
TABLE 
NaCl. HNaePO,.12H20. 
Grams per liter. Grams per liter. 
18 2 
18 4 
18 6 
18 8 
18 IO 
18 12 
18 16 
18 20 


«x, sum 
calculated. 


0.02778 
0.02829 
0.02878 
0.02925 
0.02977 
0.03028 
0.03125 
0.03220 


« observed. 
0.02771 
0.02815 
0.02812 
0.02911 
0.02967 
0.0300] 
0.03101 
0.03189 


Difference. 
0.00007 
0.00014 
0.00016 
0.00014 
0.00010 
0.00027 
0.00024 
0.00031 


The results given in the last table show a remarkably close 


agreement between the observed and calculated values. 


The 


variations are not greater than should be expected from calcula- 
tions in which the J values are partly interpolated. I 
tabulation we have the combined effect of chloride, sulphate, 
phosphate and urea, the results being compared finally with those 
observed directly. 


n the next 


TABLE X.—EQUIVALENT CONDUCTIVITIES IN THE MIXTURES. 


HNapPO,. 


NaCl. (NH4)oSO,. 12H2O. 
Grams Grams Grams 


per 


liter. 


18 
18 
18 
18 
18 
18 


per 


liter. 


0.9 
1.8 
3.6 
5-4 
7.2 
9.0 


per Sum as 
liter. NaCl. 
2 19.45 

4 20.90 

8 23.80 
12 26.71 
16 29.61 
20 32.52 


Sum as 
(NH4)2SO4. 


21.95 
23-59 
26.86 
30.13 
33-41 
36.68 


Sum as 
HNaoPO,. 
12H20. 
59.52 
63.96 
72.84 
81.74 
90.61 
99-49 


4 for 4 tor 


total as 


A for 
total as 


totalas HNaePO,. 


NaCl. (NH4)2SO4. 12H2O. 


87.8 
87.3 
86.6 
85.6 
84.5 
83.2 


84.6 
83.6 
81.9 
80.2 
78.8 
77-7 


54.1 
53-2 
51.8 
59.3 
49.0 
47-4 
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TABLE XI.—COMPARISON OF CALCULATED AND OBSERVED CONDUCTIVITES. 


5 8 g é 
I : 7 ° : 3} 
- 2  ¢€ E = é S35 
a C) 72 er a o = oy 
I = Ze si “ Si & = 
¢s ou ac om & he me $ a vo 
rc SS +9 oS OW . oo % a os 
, Se ze a2 est FS te 2 ea 
es ae SE Eg EIS ES = - 52 
os my os ne SOAs Ome & n ts 
os 7, As Sa evs aia S o aa 
Z S =o “ my x n “ Q 
18 0.9 2 0.02702 0.00115 0.00060 0.02877 0.02873 0.00004 
18 1.8 4 0.02686 0.00228 0.00119 0.03033 0.0303I 0.00002 
18 3.6 8 0.02665 0.00446 0.00232 0.03343 0.03309 0.00034 
» 18 5-4 12 0.02634 0.00655 0.00337 0.03626 0.03559 0.00067 
18 G2 16 0.02600 0.00860 0.00438 0.03898 0.038II 0.00087 
18 9.0 20 0.02560 0.01060 0.00530 0.04150 0.04052 0.00098 


Here, as in the simple cases, the calculated conductivity is not 
far from the observed. For this mixture, the conductivities found 
are lower throughout than are the calculated values. But in the 
experiment made a certain amount of urea was present in each 
case and this, of course, lowers the conductivity. Assuming for 
calculation that the effect of this falls wholly on the sodium chlo- 
ride, the following approximate corrections may be made, taking 
the mixtures in order. 


TABLE XII.—FINAL CALCULATED CONDUCTIVITY. 


Sum of Effect Difference. Cal- 

No. « values. of urea. « corrected. « found. culated—found. 
I 0.02877 0.00005 0.02872 0.02873 —0.00001 

2 0.03033 0.00009 0.03024 0.03031 —0,.00007 

3 0.03343 0.00019 0.03324 0.03308 +-0.00015 

4 0.03626 0.00028 0.03598 0.03559 -+0.00039 

5 0.03898 0.00038 0.03860 0.03811 +0.00049 

6 0.04150 0.00047 0.04103 0.04052 +-0.0005I 


It appears, therefore, that a very close approximation to the real 
conductivity of certain mixtures can be made by the method of 
calculation as suggested above, a closer approximation, in fact, 
than is given by some of the more complicated procedures which 
have been described. 

As would naturally be expected, the departures from the ob- 
served values increase with the concentration of the solutions 
mixed. While the experiments were begun as a contribution to 
the question of the conductivity of urine, it is evident that the 
results obtained may find general application in cases where mix- 
tures of moderate strength only are considered. The higher con- 
centrations here are greater than are found in normal urine. 
The chlorine, calculated as sodium chloride, rarely reaches 18 
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grams per liter and the sulphate, calculated as ammonium sul- 
phate, is usually below 4 grams per liter. The phosphoric acid 
of the urine as PQ,, is generally below 3 grams per liter, with the 
phosphate calculated as HNa,PO,.12H,O, ¢onsequently below 
about 12 grams per liter. These amounts are therefore well with- 
in the weights of salts taken in the experiments. In addition the 
conductivity of the urine is rarely above 0.025 or 0.03 at most. 
From all this, taken in connection with the results of Table XI, 
it follows that with the salt of a urine known and the conduc- 
tivity at 20° accurately determined, the conductivity of the non- 
chloride constituents may be found with a considerable degreee of 
certainty by diminishing by about 3 per cent. the chloride con- 
ductivity as calculated from tables for the given concentration, 
and subtracting this corrected salt conductivity from the observed 
urine conductivity. The remainder must give very nearly the true 
conductivity of the remaining substances in solution and must 
measure, in a manner, the amount of the electrolytes. The 3 per 
cent. correction for the chloride conductivity covers the average 
effect of the other salts present in normal urine. It is not to be 
supposed that the method would suffice to give a quantitative de- 
termination, but as an independent factor the non-chloride con- 
ductivity has a bearing and importance of its own, irrespective of 
the character of the salts which produce it. 


NORTHWESTERN UNIVERSITY, 
CHICAGO, November, 1903. 


[FROM THE SHEFFIELD LABORATORY OF PHYSIOLOGICAL CHEMISTRY, 
YALE UNIVERSITY. ] 


THE DETERMINATION OF NITROGEN BY THE KJELDAHL 
METHOD. 


By ROBERT BANKS GIBSON, 


Received November rr, 1903. 
In a recently published paper by Kutscher and Steudel,! the 
reliability of the Kjeldahl method for estimating nitrogen in 
various organic compounds of physiological-chemical importance 
has been called in question. These investigators have failed to 
obtain satisfactory results in the analysis of such substances as 
creatine, creatinine, uric acid, lysine and histidine by this widely 
1 Kutscher and Steudel: Zéschr. phystol. Chem., 39, 12 (1903). 
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used process; and they are thus naturally led to doubt the appli- 
cability of the Kjeldahl method to the determination of nitrogen 
in fluids and precipitates of animal (or vegetable) origin. The 
Kjeldahl method has become so useful in the prosecution of 
studies in metabolism, as well as in the direct analysis of a large 
variety of nitrogenous compounds that any criticism of its accu- 
racy demands immediate consideration. 

The Kjeldahl process is carried out differently in almost every 
laboratory. Kutscher and Steudel’s method consisted in heating 
the substance (0.15-0.2 gram in the case of creatine) vigorously for 
about ten minutes with 10 cc. of concentrated sulphuric acid and 
a piece of copper sulphate; after cooling a little, potassium per- 
manganate was added, the mixture again heated to boiling and 
then distilled in the customary manner. The results obtained in 
this way with creatine were extremely divergent and in nearly 
every case considerably below the theoretical values, the differences 
running as large as 7 per cent. There was, apparently, no fixed 
relationship between the discrepancies found and the duration of 
the boiling, or the quantities of copper sulphate and permanganate 
used. With creatinine from meat, the results were even more 
divergent. Although the data obtained from the analyses of 
uric acid show a closer correspondence with the theoretical re- 
quirements than in the preceding cases mentioned, yet the results 
varied from — 1.37 to + 0.67 per cent. Particularly noticeable is 
the failure to obtain duplicate analyses under identical conditions. 

A critical examination of the protocols of Kutscher and Steudel 
shows that the period of heating employed by them—usually until 
the mixtures were clear—was considerably shorter than is cus- 
tomary with most analysts. In this country the use of perman- 
ganate has been abandoned almost entirely; in our own labora- 
tory the Gunning modification’ (with potassium sulphate) has 
been adopted for several years. The Gunning method was first 
Officially studied in this country by the Association of Official 
Agricultural Chemists in 1891. It was adopted as an official 
alternative method in 1892 and since then has been used almost 
exclusively in the analysis of food products and fertilizers. It 
seeems to have been late in receiving recognition in physiological 


laboratories. 


1 Cf. Gunning: Zéschr. anal. Chem., 28, 188 (1889); Arnold and Wedemeyer: /é/d., 31, 
525 (1892); Winton: /did , 32, 478 (1893); Chem. News, 06, 227. 
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The excellent results which we have obtained in the form of 
closely agreeing duplicate analyses in many hundreds of determi- 
nations on various materials (foods, urine, faeces, proteids, etc.) 
lead to the belief that the failure of Kutscher and Steudel is per- 
haps attributable to faulty technique rather than to an inadequacy 
of the Kjeldahl process in the cases studied. At Professor Men- 
del’s suggestion I have, therefore, undertaken a considerable num- 
ber of control analyses in which nitrogen was estimated in several 
typical physiological-chemical compounds, notably uric acid 
which is frequently determined by the Kjeldahl method and which 
Kutscher and Steudel failed to estimate with accuracy in this way. 
The inadequacy of the Kjeldahl-Gunning method in the case of 
a number of types of nitrogenous compounds is too well known to 
need consideration here. For creatine, creatinine and guanidine, 
the possibility of obtaining reliable results has lately been demon- 
strated anew by Beger, Fingerling and Morgen’ and by Malfatti.? 
The latter in particular has called attention to the deficiencies and 
limitations in the use of permanganate to complete the oxidations. 
Extracts from our own protocols are given below. The decom- 
positions were carried out with 20 cc. of sulphuric acid and 10 
grams of potassium sulphate. The final titrations were made 
with N/s5 or N/to solutions. The length of time during which 
the flasks were heated (to boiling) varied considerably ; the heat- 
ing was, however, always continued for some time after the fluids 
first appeared colorless. 

Uric Acid (C;H,N,O,).—The preparation (Kahlbaum’s) used 
was recrystallized three times from concentrated sulphuric acid 
and dried at 105° C. The heated decomposing mixtures became 
colorless in from ten to thirty minutes. The heating was then 
continued over a hot flame for periods varying from forty-five 
minutes to two and one-half hours. For these titrations N/5 so- 
lutions were employed. 


1 Beger, Fingerling and Morgen: Zéschr. physiol. Chem., 39, 329 (1903). 
2 Malfatti: /d7d., 39, 467 (1903). 
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ANALYSES OF URIC ACID. 


Nitrogen found. 


Quantity 
taken. 
Gram. Gram. 
0.2140 0.07104 
0.1945 0.06482 
0.1945 0.06482 
0.2081 0.06956 
0.2061 0.06838 
0.2095 0.06985 
0.2464 0.08229 
0.6870 0.22940 
0.2807 0.09393 
0.2992 0.09901 
0.2728 0.09072 
0.2273 0.07637 
0.2739 0.09120 
Average........ eee 
Calculated ..... Jess 


Per cent. 
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preparation dried at 105° C. was used. 
became colorless in from one to one and one-half hours. The 
heating was continued for periods varying from one and one-half 
to three and one-half hours. 


GIBSON. 











Difference Duration of 
from theory. decomposition. 
Per cent. Hours. 
—o.18 I 
—0.05 I 
——0.05 1% 
+0.04 1% 
—=©:20 2 
—0.04 2 
+o.o1 3 
+0.0I 3 
-+-0.04 2% 
—0o0.28 2 
0.12 2% 
+-O.20 3 
—0.09 3 


Hippuric Acid (C,H,NO,;).—A well crystallized Kahlbaum 


The oxidizing mixtures 


ANALYSES OF HIPPURIC ACID. 


Nitrogen found. 


Quantity 
taken. 
Gram. Gram. 
0.4794 0.03793 
0.3197 0.02488 
0.9603 0.07518 
0.7116 0.05535 
0.6547 0.05076 
0.5527 0.04387 
0.5293 0.04212 
0.6787 0.05298 
Average. +.eee. eee 
Calculated ...... ROE 


(C,H,,N¢ yes) 


Per cent. 
7-90 
7:78 
7.82 
7.78 
7-76 
7-93 
7-95 
7.80 
7-84 
7.84 


tyrosine 


Difference Duration of 

from theory. decomposition. 
Per cent. Hours. 
+0.06 3 
—0.06 2% 
—0.02 2% 
—o0.06 2% 
—o.08 1% 
+0.09 2 

+O.II 2 

--0.04 3% 


(C)H,,NO,), 


Other Compounds.—A few analyses were made on preparations 


urethane 


(C,H,NO,), thiourea (C,H,,N.S), phenylmethyloxypyrimidine 
(C,,H,,N,O) and o-aminobenzoic acid (C;H;NO,), which have 
for the most part been recrystallized and dried at 105° C. 
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ANALYSES OF OTHER COMPOUNDS. 


Quantity Nitrogen _ Differ- 
taken. Nitrogen found. calculated. ence. 
Substance. Gram, Gram. Percent. Percent. Percent. 
TyFrOSin€s +++eeeee eee seers 0.3984 0.03137 7.87 7.76 +0.1I 
Tyrosine Sip dstavelsieraelaiaieté seeee 0.3797 0.02990 7.87 eoee +o.II 
Leucine.-..++ e+e eeee teeeee 0.3060 0.03256 10.53 10.70 —0.17 
Urethane o-.eee cece cece cone 0.5435 0.08614 15.84 15.76 +0.08 
Urethane ----.e cece cece cece 0.3132 0.04973 15.87 sees +o.1I 
Thiourea! ..--++ sees ee seeeee 0.4597. 0.07813 16.68 16.86 —o.18 
Phenylmethyloxypyrimidine 0.3814 0.05742 ~—-£5.05 15.08 —0.03 
Aminobenzoic acid ...... +++ 0.3145 0.03241 10.29 10.23 +0.06 
Caseinogen -.. +--+... seeeee 0.6362 0.09827 15.45 
Caseinogen ...+.-..-. seeeee 0.4668 0.07223 15.49 
CaseinOgen «+ sees eeee eee 0.6109 0.09472 15.47 
Caseinogen «+--+. seeeeee +++ 0.4353 0.06736 15.47 


The caseinogen used in the above analyses was a carefully puri- 
fied preparation made according to Hammarsten’s method. I. 
Munk? has already shown that the Kjeldahl method can be ap- 
plied to give results comparable to those obtainable with the 
Dumas method with caseinogen, provided the heating of the de- 
composition mixtures is continued for a sufficiently long time. 
The figures here given indicate the possibility of obtaining com- 
parable and reliable analyses even where the conditions are 
widely varied. In addition to these, reference may be made to 
a large number of determinations of the nitrogen content of vari- 
ous proteids carried out in our laboratory and also by Osborne* 
and his co-workers. In many cases these have been verified by 
the Dumas method. 

The foregoing results afford no occasion to question the use- 
fulness or accuracy of the Kjeldahl method as applied within a 
wide range of experimental conditions in the physiological-chemi- 
cal laboratory. Indeed, it would be difficult to explain the numer- 
ous instances of duplicate analyses repeatedly made on the same 
substances, such as proteids, foods, etc., by different analysts 
under widely different conditions if the reactions involved were 
uncertain or variable in their character. When due care is ex- 
ercised to procure a proper decomposition and oxidation of the 


1 When the decomposition mixtures obtained from thiourea were distilled while still 
straw-colored (and presumably incompletely oxidized), the results obtained were too low. 

2 I, Munk: Archiv fiir Physiol., 1895, p. 551. 

3 Cf. various papers by Osborne in the Reports of the Connecticut Agricultural Ex- 
periment Station and This Journal, since 1842. Sadikoff has reported unfavorable 
results with some preparations of gelatins in Ztschr. physiol. Chem., 39, 411 (1903). 





















IIo NOTES. 


substances analyzed, uniformly satisfactory determinations can 
readily be obtained. For substances of unknown structure, how- 
ever, the results furnished by the Kjeldahl process should not be 
accepted without verification by other methods." 


NOTES. 

A Back Pressure lalve for Use with Filter Pumps.—The 
body of the valve is constructed of two pieces of glass tubing of 
fairly heavy gauge, drawn out as in sketch. The valve itself is 
an improvement on the old Bunsen valve, with a glass rod of 
slightly smaller diameter than the rubber tubing, wired on, to 
prevent collapse. Soft rubber tubing works best. The device has 











given excellent service and can be made at little expense of time 
and material. It was originally devised for use with condensers 
in a laboratory where the water pressure sometimes gave out 
and the water ran back. It gives equally good service for both 
purposes. R. N. Koro. 


The Conversion of Calcium Oxalate to the Sulphate—The 
customary process of reducing a calcium oxalate precipitate to 
a sulphate by applying a flame directly to a platinum crucible, 
after saturating the precipitate with sulphuric acid, is a slow 
one at best, and there is great danger of losing a portion of the 
contents of the crucible on account of boiling over or spattering. 

These difficulties may be avoided by the following method: The 
precipitate is placed into a platinum crucible and saturated with 
concentrated sulphuric acid in the usual manner. A _ porcelain 
crucible about one-half inch larger in diameter than the platinum 
crucible is then filled about half full with powdered asbestos, or 
calcium sulphate, and the platinum crucible is sunk into the 
asbestos until it clears the porcelain crucible by about one-fourth 
inch at the bottom. After covering the platinum crucible loosely, 


1 Since the above was written, an article by Sdrensen and Pedersen (Ziéschr. physiol. 
Chem., 39, 513 (1903)) has appeared with reference to Kutscher and Steudel’s work. For 
a‘further criticism cf. also Schéndorff: Arch. f d. ges. Phystol., 98, 130 (1903). 
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the porcelain crucible is set in a pipe-stem triangle and placed 
over the full flame of a Bunsen lamp. The top portion of the 
platinum crucible is heated first and remains hotter than the bot- 
tom so that the excess of sulphuric acid boils out from the top of 
the precipitate, instead of from the bottom. The excess of acid 
is driven off in about one minute, the platinum crucible is then 
removed from the porcelain crucible and set over the flame until 
it is brought to a red heat. This method has been used success- 
fully in over one hundred determinations of calcium. 


ALFRED N. CLARK. 


NEW BOOKS. 

LABORATORY Puysics. A Student's Manual for Colleges and Scientific 
Schools. By DAYTON CLARENCE MILLER, D.Sc., Professor of Physics 
in Case School of Applied Science. Ginn and Co. 1903. 403 pp. 
Price, $2.15. 

This laboratory manual, in the author’s words, is meant “‘to be 
a student’s hand-book for the performance oi experimental prob- 
lems in physics; the grade of work is that of the course in general 
physics in colleges and technical schools.” 

In Mechanics, we have generai measurements, length, mass, 
time, acceleration, elasticity and density; under Sound, experi- 
mental problems are given in the measurement of the frequency 
of vibration, the velocity and wave-length of sound, etc.; under 
Expansion, thermometry and calorimetry. The subject of Heat 
Energy is considered, while a large part of the work is devoted 
to Light and Electricity. Under the former, photometry, mirrors 
and lenses, goniometry, index of refraction, wave-length of light, 
the interferometer and spectroscope are taken up. 

The chapter on Electricity and Magnetism is probably the 
most important in the whole work. Resistance, current strength, 
electromotive force, capacity, induction and magnetic quantities 
are all studied at length. 

The above synopsis will give a fair idea of the scope of this 
work. The book is written with unusual clearness, and the ex- 
periments are described in simple and concise language. The 
work will undoubtedly prove to be valuable to students of physics 
in the college stage of their work. Harry C. JONEs. 
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BLOXAM’S CHEMISTRY: Inorganic and Organic, with Experiments. 9th 
Edition, rewritten and revised by JOHN MILLAR THOMSEN, LL.D., 
F.R.S., Professor of Chemistry, King’s College, and ARTHUR G. 
BLOxAM, F.I.C., Consulting Chemist and Chartered Patent Agent. 
Philadelphia: P. Blakiston’s Son and Co. 1903. Price, $6.00. 

All persons familiar with the earlier editions of this work will 
be delighted to renew acquaintance with an old friend in this re- 
vised form. It is refreshing to observe its mass of most inter- 
esting facts—real chemical information—such as the student truly 
needs to thoroughly comprehend, in his subsequent studies, the 
theoretical problems which may confront him. Due attention has 
been given the latest theoretical views and the basal principles 
of physical chemistry. They have not, however, been developed 
to the exclusion of all else. Some alterations have been made 
in the order of treatment of the non-metallic elements. Carbon 
now holds place after the three other typical elements—hydrogen, 
oxygen and nitrogen. Many of the old illustrations have also 
disappeared from the work. There is no division in the treat- 
ment of the fatty and aromatic bodies in the portion devoted to 
organic chemistry. The work is up to date. It cannot fail of a 
favorable reception, and will surely win new friends, which it 


deserves. EB PS: 


PHYSICAL CHEMISTRY IN THE SERVICE OF THE SCIENCES. By JACOBUS 
H. van’? Horr, Professor Ordinarius of the University of Berlin, 
Special Lecturer on Physical Chemistry. English version by ALEXAN- 
DER SMITH, of the Department of Chemistry in the University of Chi- 
cago. The Decennial Publications of the University of Chicago, Second 
Series, Vol. XVIII. 150 pp. Cloth, royal 8vo; net, $1.50; postpaid, 
$1.60. Chicago: The University of Chicago Press. 


The eight lectures presented in this little volume have already 
appeared in German and been noted in this Journal, 24, 1217 
(1902). The volume before us, one of the decennial publications 
of the University of Chicago, is an unusually elegant one, which 
makes a strong appeal to the book lover as well as the chemist. 
From the fact, probably, that the lectures were originally given 
in English, this version reads more smoothly than does the Ger- 
man, and the former possesses a charm which one does not find 
in the latter. FRANK K. CAMERON. 
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LA CHIMIE PHYSIQUE, ET SES APPLICATIONS. Huit Lecons faites sur 
linvitation de l'Universite de Chicago, par J. H. vaN’T HoFF. Ouvrage 
traduit l’allemand par A. Corvisy, Professeur agrége du Lycée de 
Limoges. Paper, 78 pages. Paris: Libraire Scientifique A. Hermann, 
6 et 12 rue de la Sorbonne. Price: 3.50 francs. 

A French version of the van’t Hoff lectures, based upon the 
German, already noted. The book is marred, however, by the 
use of the diagram on page 41, even though the German terms 
are translated in a footnote. The preparation of a new plate 
with French words would have involved but an inconsiderable 
expenditure and been much more satisfactory. 


FRANK K. CAMERON. 


THE CHEMICAL CHANGES AND PRODUCTS RESULTING FROM FERMENTA- 
TIONS. By R. H. ADERS PLIMMER, D.Sc. (London). 184 pages. 
New York: Longmans, Green and Co. Price, 6 shillings. 


This booklet is made up of interpretations and brief abstracts 
of the widely scattered contributions to this subject. Six chapters 
are devoted to fermentative changes in the carbohydrates, the 
field in which most investigation and research has been expended. 

Proportionate space is given to the changes resulting in the 
formation of optically active products, the changes in fats and 
oils, uric acid, blood, milk and muscle. Three chapters are de- 
voted to the more unusual varieties of chemical activity of which 
certain ferments are capable, 7. e., oxidation, reduction, nitrifica- 
tion, denitrification and synthesis. 

The last four chapters deal with the cleavage of the albumin 
molecule as a result of the action of the digestive ferments pepsin 
and trypsin, and with the changes and products of the putrefac- 
tion of albumin. The selective action of particular types of micro- 
organisms associated with putrefaction does not receive much 
attention. 

The book contains a bibliography (32 pages), an author and 
a subject index. Diagramatic molecular formulas and equations 
are used freely. The German order of words is noticeable in a 
few sentences. The author’s interpretation of the literature is 
fair and reliable. The book will be useful to students interested 
in the chemistry and physiology of fermentation. 


Ros’r E. Lyons. 
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FERMENTATION ORGANISMS: A Laboratory Handbook. By ALB. KLOCKER, 
Translated from the German by G. E. ALLEN and J. H. MILLAR. New 
York: Longmans, Green and Co. 1903. xx and 392pp. Price, 12s. net. 

The title of this book is misleading, since it does not deal with 
fermentations in general, but only with the alcoholic fermentations 
or those which influence the progress of the same. 

The scope of the field covered is well stated by the author in 
his preface as follows: ‘The contents of the present work are 
divided into three sections. The first of these contains a descrip- 
tion of the manner in which the science of the organisms of fer- 
mentation has gradually developed; at the same time an indica- 
tion is given of the most important steps which have marked the 
progress of our science. The second section describes the fitting 
up of the laboratory and all that is necessary for conducting work. 
Laboratory methods are then explained, special attention being 
given to the preparation of pure yeast cultures in large quantities. 
Finally, the third section treats of the most important micro- 
organisms of the alcoholic fermentation industry. The book thus 
deals with that domain in which Hansen has opened up so many 
new paths.” 

The book is an excellent one and discusses the subject in clear 
and concise language. The translators, as well as the publishers, 
have taken great pains and have admirably succeeded in making 
the English translation very attractive. 

Teachers and students of Technical Micro-biology, in the Eng- 
lish speaking countries, will welcome this translation as an in- 
dispensable aid. Others working in allied lines, as in biology, 
bacteriology, pathology, hygiene and chemistry, will find in it 
much that is helpful and suggestive. 

One of the most important features of the work is the very 
complete bibliography which occupies the last forty pages of the 
book. The bibliography embraces the titles of the most impor- 
tant researches and contains excellent explanatory notes. 


W. D. Frost. 


ELEMENTS OF INORGANIC CHEMISTRY. By HARRY C. JONES. The Mac- 
millan Company, 1903. 242 pp. 

A glance at the texts on general chemistry of the past fifteen 
or twenty years leads one to the conclusion that it is not an easy 
task for a writer to break away from the old order of things and to 
adopt the new. The discoveries and the developments along 
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various lines, and especially along the line of physical chemistry, 
have changed to a certain extent some of the fundamental prin- 
ciples of the science. Nothwithstanding this fact, few have 
ventured to embody these new theories in a general text, a ma- 
jority preferring rather to hold to the older theories which have 
done such great service in the development of the science than to 
adopt the newer ones, even though they appear to harmonize more 
closely with the real facts. 

Whether or not the time has come for the discarding of the 
old and the adoption of the new is an open question. It does 
seem certain, however, that if the science is to grow in the future, 
the newer theories must be recognized and embodied in our new 
text-books. 

In the “Elements of Inorganic Chemistry,” by Harry C. Jones. 
one finds the embodiment of both the old and the new. In addi- 
tion to the older theories, the newer ones are taken up and briefly 
but clearly discussed. What was said in the preface of his larger 
work, “Principles of Inorganic Chemistry,” concerning the aim of 
the book, applies also to the “Elements of Inorganic Chemistry.” 
“The aim of the book is to add to the older generalizations those 
recently discovered, and to apply them to the phenomena of in- 
organic chemistry in such a way that they may form an integral 
part of the subject, at the same time, be intelligible to the student.” 

The general arrangement of the subject-matter is much the 
same as that found in a few of the best texts. The experimental 
work is well selected and follows each chapter. The book 
will, therefore, serve both as a text and a laboratory manual. The 
illustrations are familiar and quite numerous. 

The most characteristic feature of the book is the brief, but 
exceptionally clear introduction to the new theories. More space 
has been given to these theories than will be found in any other 
general text yet published. 

While the author evidently believes firmly that chemistry is to 
be a mathematical science, he nevertheless very wisely avoids 
using anything which is not within the understanding of the aver- 
age student. The book seems simple enough for high-school 
text, and yet it is quite comprehensive enough for the average 
college. G. B. FRANKFORTER. 
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CLINICAL EXAMINATION OF THE URINE AND URINARY DIAGNOSIS. A 
Clinical Guide for the Use of Practitioners aud Students of Medicine 
and Surgery. By J. BERGEN OGDEN, M.D., Late Instructor in Chem- 
istry, Harvard University Medical School; Assistant in Clinical Pathol- 
ogy, Boston City Hospital; Medical Chemist to the Carney Hospital; 
Visiting Chemist to the Long Island Hospital, Boston. Second edition, 
thoroughly revised. Philadelphia: W. B. Saunders and Co. 1903. 
418 pp. Price, $3.00. 

This work includes in its scope the methods for the detection 
and quantitative determination of the normal and abnormal con- 
stituents of human urine, the microscopic examination of urinary 
sediments, and the clinical diagnosis which may be made from 
the results of the examination. 

The chemical as well as the microscopic methods are described 
in such detail that one who has had ordinary experience in chem- 
ical and microscopic manipulation may easily perform them. The 
entire ground of urinary analysis is well covered. The omission 
of the qualitative test for homogentisic acid (alkapton) to differ- 
entiate it from glucose in the copper tests for the latter is to be 
regretted. The method of determining the quantity of urea by 
Squibb’s apparatus, which may be considered as a modification 
of the old Russell and West apparatus, might, with good reason, 
have been omitted on account of its furnishing results which are 
too high because of the incomplete absorpton of the carbon diox- 
ide produced in the decomposition. 

Notwithstanding that in the preparation of Fehling’s solution 
(page 150) recommended by the author, the dilution of the solu- 
tion with water is by an equal volume, one cannot be certain on 
boiling the solution that decomposition of the solution itself has 
not occurred. Greater dilution before boiling than that recom- 
mended is advisable, indeed, it is more prudent to dilute the 
Fehling’s solution, as ordinarily prepared, with water to the ex- 
tent of four times its volume before boiling. Thus it would be 
better to add about three volumes of water to the Fehling’s solu- 
tion, prepared as described by the author, so that it shall represent 
the customary Fehling’s solution diluted with four volumes of 
water before boiling to prove its condition. 

On the whole, the book is one of the best on the subject in the 
English language and is a credit to American urinary chemistry 
and diagnosis. Joun MarsHALL. 








